
1 



Notice 

When using this document, keep the following in mind: 

1. This document may, wholly or partially, be subject to change without notice. 

2. All rights are reserved: No one is permitted to reproduce or duplicate, in any form, the whole or part of this 
document without Hitachi's permission. 

3. Hitachi will not be held responsible for any damage to the user that may result from accidents or any other reasons 
during operation of the user's unit according to this document. 

4. Circuitry and other examples described herein are meant merely to indicate the characteristics and performance of 
Hitachi's semiconductor products. Hitachi assumes no responsibility for any intellectual property claims or other 
problems that may result from applications based on the examples described herein. 

5. No license is granted by implication or otherwise under any patents or other rights of any third party or Hitachi, 
Ltd. 

6. MEDICAL APPLICATIONS: Hitachi's products are not authorized for use in MEDICAL APPLICATIONS without 
the written consent of the appropriate officer of Hitachi's sales company. Such use includes, but is not limited to, 
use in life support systems. Buyers of Hitachi's products are requested to notify the relevant Hitachi sales offices 
when planning to use the products in MEDICAL APPLICATIONS. 



Hitachi Microcomputer 
H8/3048 Series Overview 



HITACHI' 



Preface 



Within the H8/300H Series, the H8/3048 Series is a series of single-chip microcontrollers with 
on-chip ROM and RAM. This document gives a general description of the H8/3048 Series. 

Hie H8/3048 Seri^ im^ides the H8/3048. H8/3047. and H8/3044. which differ in tiieir ROM 
and RAM size. All three chips provide many of the peiipfaeral foncdons required in system 
control, including a DMA controller, an interrupt controller, a bus controller, a refresh 
controller, a powerful set of timers, a serial communication interface, an A/D converter, a D/A 
converter, realtime port output, and I/O ports. These on-chip resources enable high- 
performance systems with advanced functionality to be implemented easily. 

The H8/30^ has 3 ZTAT™* (zero tum-suound time) version with user-programmable PROM 
on-^^. V 

Hitachi is endeavoring to provide a full, efficient development environment for microcontroller 
application systesmi. Ibi addition to a C compiler and other support software, the environment 
includes a realttgie ^bI^cr- (£7000 Series) that can be connected to workstations in a local 

Related tnamials: 

For haiivW i^taiation about die H8/3048 Series: 

HS/S&m Series Hardware Manual (No. ADE-602-073) 

For information about the H8/300H Series instruction set: 

H8/300H Series Programming Manual (No. ADE-602-053) 

Notes: * ZTAT is a registered trademark (rf^ Hitachi, Ltd. 
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Section 1 H8/3048 Series Features 




• Advanced H8/300H CPU 

• General-register machine 

— Sixteen 16-bit general registers (also useable as sixteen 8-bit plus eight 16-bit general 
registers, or eight 32-bit general registers) 

I 

■ Hl^b*^pe(^ c^ratiQa for realtime control 

— Maximum clock rate: 18 MHz (oscillator frequency: 18 MHz) 

— High-speed arithmetic operations (times below are at 18 MHz) 
8/16/32-bit register- register add/subtract; 111ns 

8 X 8-bit register-register signed multiply; 778 ns 
16 X 8-bit register-register signed divide: 778 ns 
laS X l6-bft regiito'-register signed multiply: 1 .221 ps 
32 X I6-lnlt regisi^'i^ster signed divide: 1.221 

• Speed-oriented instruction set 

— 62 basic instruction types 

— 8/16/|2-bil ^ta Sransfer, arithmetic, and logic instructions 

— Signed aai unsigned multiply and divide instructions 

— Powerful bit manipulation instructions 

— Instruction length: 2 to 10 bytes 

• Maximum 16-Mbyte linear address space 
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Qn-diip ROM and RAM 





<^ 


RAM 


H8/3048 


128 kbytes 


4 kbytes 


H8/3047 


96 kbytes 


4 kbytes 


H8/3044 


32 kbytes 


2 kbytes 


ROM: masked i^M or PROM 
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— Address space can be partitioned into eight areas, with independent bias specifications in 

each area 

— Chip select output available for each area 

— 8-bit access or 1 6-bit access selectable for each area 
— ^ Two»stsle m d^ee-state access selectable for each area 



\ emtrfdl^ ini-chip 

— Selection of four wait modes: piogianiinable wait mode, pin auto-waitmo^, andfto 
wait modes and 1 

Lii(<3<<ii J - ■ - J.. , . >(,.- 

• '! J'' - 

Refresh controller on-chip 

— Seledlqii IMAM refir^h, PSRAM refresh, or interval timer functjon ' 

— DiieG%e^nectable to 16-bit-wide DRAM or PSRAM " ' 

— Selection of 2CAS or 2WE control 

— Programmable battery-back-up mode and refresh interval 



— CAS-before-RAS (CBR) refresh 



DiffA CjOHbrdOer |DMAC), 4 channels on-chip 

— Sel^tei of stort aWb«ss mode or fiill address mode 
~Gaa be a^valed by fatemal interrupts 

— Four memory-I/O data transfer chaimels or two memory-memory data tran^^-^hannels, 
independent of the CPU 

— Selection of burst mode or cycle-steal mode for auto-requested memory-memory 

Repeat mode selectable for each channel in memory-I/O transfer 
Wo«l^ temsfer modi i$||ieiable in memory-memory transfer 



• lii^Mt itttigratei Hmer unit (ITU) on-chip 

fSve l4rbit timer channels on-cliip 

lip to 12 p@lse outputs (with maximum 55.6-ns resolution at 18 Mllt^ 
Up to 10 pulse inputs can be processed 

— Automatic counting of two-phase encoder output (phase-counting mode) 

— Can output three complementary PWM waveforms (PWM mode, complementary PWM 
mode, reset-synchronized PWM mode) 

• Programmable timing pattern controller (TPC) on-chip 

— Maximum 16-bit pulse output, using ITU as time base 

— Output triggering selectable in 4-bit groups 

— Non-overlap intervals can be set between different pulse outeuts 

— Selectable timmg source (timer) 

i 

• Wal^ddg timer (WDT), 1 channd mi-chip 

— Selection of watchdog timer or interval timer function 

r 

■ Serial communication interface (SCI), 2 channels on-chip 

— Selection of asynchronous or synchronous mode 

— Multiprocessor communication function built-in 
~ Siffiaif card interface built-in ( 1 channel) 

• oon^erl^ 8 channels on-dup 

— Selection of single or scan mode 

— Sample-and-hold function 

— Can be externally triggered 

— Conversion range programmable at reference voltage pin (Vrep) 

• 8-bit D/A converter, 2 channels on-diip 

• Eleven I/O ports 

— 70 I/O pins, 8 input-only pins 

• Interrupt con^nriil^ 

7 ex^M: iotensipt pins (NMI, IRQq to IRQ5) 

— 30 internal interrupt sources 

— Three-level prioritization available 



Seven operating modes 

— Expanded 1 -Mbyte mode with on-chip ROM disabled, 8-bit bus 

— Expao^ed l^Mll^te mode with on-chip ROM disabled, 16-blt bus 
— MxpstvSed I6^^yte iiiode with on-chip ROM disabled, 8-bit bus 
— -^pkaS^i Ifr-Klbyte mode with on-chip ROM disabled, 16-bit bus 

— Expanded 1 -Mbyte mode with on-chip ROM enabled, 8-bit bus 

— Expanded 16-Mbyte mode with on-chip ROM enabled, 8-bit bus 

— Single-chip advanced mode (1 -Mbyte mode) 

Power-down looies 

— SIe@p mode, scAwaie standby mode, hardware standby mode 

— On-chip module standby function 

— On-chip gear (clock-dividing) function 

Clock oscillator on-chip (1:1 oscillator) 
Packi^ 

— lOO-pin plastic QFP (QFP-IOOB, TQFP-IOOB) 
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2.1 Pto Arrangement 
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4 




72 


|P6«1WR 


TIOCB/rP, ,/PB3 d 


5 




71 


1 P65/HWR 


TOCXA4/TP,2/PBj 


6 
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63 




RxDo/P92 1 


14 


62 


"~1STBY 


RxD,/P93 ^ 


IS 
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Arrangement in Each Mode 



Pin Name 



Model 



Mode 2 



Modes 



Mode 4 



Mode 5 



Mode 6 



Mode? 



PROM Mode 



'cc 



Vcc 



PB(/rPBmocA3 



PB(/rP8n"iocA3 



PB1/TP9/T10CB3 



PBin"P/T10CB3 



PB2/TP10/T1OCA4 



PB2/TP10/TIOCA4 



PB3/TPiin"IOCB4 



PB3n"Pii/riocB4 



=B./TPi2rrocxA4 



PB/rPi2n"ocxA4 



PB5/TP13/TOCXB4 



PB5/TP13/TOCXB4 



PBe/TPi4/DREQo/CS7 



PB6^P i 4/ |PBfiA-p^,/ I PB6/TP 14/ 
D REOp/CSyj DREQcy-CS7| DREQq 



PB7/rPi5/DREQ|/ADTRG 



PBy/TPis/DREQi/ADTRG 



RESO 



RESO 



'SS 



P9o/TXDo 



P9(/rXDo 



P9i/TXDi 



PQi/rXD, 



P92/RXD0 



P92/RXD0 



P93«lXDi 



Pgg/RXD, 



P94/SCKo/lR5i 



P94/SCK0/IRQ4 



P95/SCK1/IRQ5 



P9s/SCKi/iR5i 



P4o/Do* 



P4o/Do* 



P4o/Do* 



P4o/Do* 



P4n/Dn* 



P4n 



P4i/Di* 



P4i/Di* 



P4i/D,* 



P4i/Di* 



P4,/Di* 



P4, 



P42/D2* 



P42/D2* 



P42/D2* 



P42/D2* 



P4, 



P43/D3* 



P43/D3 



P43 



'SS 



'SS 



P44/D4 



P44/D4 



P44/D4* 



P44 



P4s/D5* 



P45A35* 



P45/D5* 



P45rt35* 



P4s 



PVDs* 



P46/D6* 



P46/D6* 



P48/D6* 



P46/De* 



P4fi 



P47/D7* P47/D7* P47/D7* P47/D7* 



P47/D7* 



P47 



P3o 



P3i 



■"10 



P32 



Dti 



D11 



P3, 



■"12 



D12 



P34 



•"IS 



PSs 



P3fi 



■"IS 



P37 



Vcc 



'cc 



Following a reset, these pins function as P47 to P4o in nxides 1 , 3, 5, and 6. and as D7 to Dq in modes 2 
aniiiC A«» M^ons can be changed by software. 
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38 
39 
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62 
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65 

66 
67 
68 

69 
70 
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Pin Name 



Mode 1 



Mode 2 



Mode 3 



Mode 4 



Mode 5 



Mode 6 



Mode 7 



Ao 



Pic 



P1i 



Pip 



pi. 



PVA4 



PI. 



PI5/A5 



pi« 



Afi 



PVAe 



Pif 



PI7/A7 



PI7 



"SS 



Vss 



P2o/Aa 



P2n 



A9 



P21/A9 



P2, 



P22/A,o 



P22 



P2, 



A12 



P24/A,2 



P2. 



A13 



P25/A,3 



P2. 



P26/Ai4 



P2b 



PzyAis 



P2t 



P5o/Ai 



P5n 



P5i/A,7 



P5i 



^18 



P5g/A,B 



P5j 



P53/A19 



PSa 



P60/WAIT 



P6oAft/AIT 



P6n 



P6,/BREQ 
P6g/BRCK 



STBY 
RES 
NMl 

Vss 
EXTAL 
XTAL 

Vcc 

AS 

RD 
HWR 
LWR 

MDi 



P61/BREQ 
Peg^AgK 







STBY 
RES 
NMl 

Vss 
EXTAL 
XTAL 

Vcc 



AS 
RD 
HWR 
LWR 



MDq 
MP, 
MD, 



P61 

P60 



P63 
P64 
P65 
P6e 
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Pin No* 


Pin Name 


Mode 1 Mode 2 


Mode 3 Mode 4 


Mode 5 


Mode 6 


Mode? 


PROM Mode 




AW 


AVcc 




77 


Vref 


Vref 


*cc 


7B 


DT /AM 


P7 /AM 




70 
1 a 


P7i/ANi 


D7 /AM 

r/ i/AIN^ 




on 


Of /AKl 

r72fAN2 


P7 /AM 




O 1 


P7 /AM 






82 


D"7 /AM 

r/4/AlN4 


P74/AN4 


NC 


83 


D7 /AM 

r / 5/AIM5 


P75/AN5 




OA 




P76/AN6/DAo 


MP 


85 


D"7 /AM yriA 


P77/AN7/DA1 


MP 


86 


A\/ 

AVss 


AVss 


VSS 


87 


r OQf rir OrV 1 FIUq 


P80/RFSH/IRQ0 


P8o/TRQ'o 


PA 


88 


PR /no /ipn 


P81/CS3/IRQ1 


psi/mi 




89 


DQ /?^0 /lO/^ 


PBg/CSj/IRQj 


PBj/TRQ^ 


MP 


90 


□ /oo /Pd/^ 
ro3/Uo-)/iHU3 


P83/CS1/IRQ3 


P83/IRQ3 


Mr* 


91 


DO /r*c 


P84/CS^ 


P84 


M^ 


92 


Vss 


Vss 


Vss 


93 


PAo/TPo/TEND(/TCLKA 


PA(/TP(/TEND(/rCLKA 


NC 


94 


PAi/TPin"ENDi/TCLKB 


PA,n"Pi/TENDirrCLKB 


NC 


95 


PA2/TP2/TIOCA0/TCLKC 


PAjA'Pa/TIOCAi/rCLKC 


NC 


96 


PAan-Pg/nOCBc/rCLKD 


PA3/TP3/TIOCB0/TCLKD 


NC 


97 


PA4n-p/nocAi/ 

CSg 


PA4n"P4/TIOCAi/ 

A23/CS6 


PA4/TP4/ 
TIOCA,/ 

CSe 


PA4/TP4/ 
TIOCA,/ 
A23/CS6 


PA4/TP4/ 

TIOCA, 


m 


98 


PA5/TP5/TIOCB,/ 


PAjn-Pgn-iocB,/ 

A22/C§i 


PA5/TP5/ 
TIOCB,/ 
CS5 


PA5/TP5/ 
TIOCB,/ 

Agg/CSs 


PA5/TP5/ 
TIOCB,/ 


NC 


99 


PAe/TPe/TIOCAa/ 

CS4 


PAe/TP/riOCAa/ 


PAe/TPe/ 
TIGCAj/ 
CS4 


PAsH-Pe/ 
TIOCAj/ 

A2,/CS4 


PAsATPfi/ 
TIOCA2 


NC 


100 




A20 


PAy/TPy/ 

TIOCB2 


A20 


PA7/TP7/ 
TIOCBa 


NC 



t3Hlae*it 



2.3 Pin Funcfions 



Type 


Symbol 


Input/Output 


Function 


Power 


Vcc 


Input 


Power supply, connect to +5-V supply 


Vss 


Input 


Ground, connect to O-V supply 


CIogK 


XTAL 


Input 


Extemal crystal resonator 


EXTAL 


Input 


External crystal resonator 0( internal clock input 





Output 


System clock 


System control 


RES 


Input 


Reset input 


PESO 


Output 


Reset output 


STBY 


Input 


Standby 


BREQ 


Input 


Bus request 


BACK 


Output 


Bus request acknowledge 


Address bus 


A23 to Ao 


Output 


Address bus 


Data bus 


DigtoDo 


Input/output 


Data bus 


Bus control 

... 

-■•1 

^rr-.j - i 


AS 


Output 


Address strobe 


CS^toCS^ 


Output 


Chip select 


lWr 


Output 


Low write 


HWR 


Output 


High write 


RD 


Output 


Read 


WAIT 


Output 


Wait 


FM^fon^ter 

I 


RFSH 


Output 


Refresh cycle 


CS^ 


Output 


Row address strobe (RAS) 


RD 


Output 


Column address strobe (CAS) 


Write enable (WE) 


HWR 


Output 


Upper write (UW) when DRAM is connected to 

area 3 


Upper column address strobe (UCAS) 


LWR 


Output 


Lower write (LW) when DRAM is connected to 

area 3 


Lower column address strobe (LCAS) 


InteitApf signals 


NMI 


Input 


Nonmaskable interrupt request 


Trq^ioTrq^ 


Input 


Interrupt request to 5 


DMA coiUroller 


DREQ,, DREQo 


Input 


DMA request 1 and 


TEND,. TENDq 


Output 


DMA end 1 and 


OpsreUng mocie 

control 




Input 


Mode select 


io-bit integrated 
tinwrur^ 


1 100.^4 to TIOCBq 


Input/output 


Input capture/output compare 


TCLKD to TCLKA 


Input 


Clock input D to A 


TOCXA4, TOCXB4 


Output 


Output compare (or PWM output) 


Programmable 
timing pattern 
controller 


TPistoTPo 


Output 


Timing pattern output (pulse output) 



Type 


Symbol 


Input/Output 


Function 


Serial 

coitmmi^HfoR 

interface 

J 


T>©,. TxDo 


Output 


Transmit data (SCI channels 1 etnd 0) 




Input 


Receive data (SCI channels 1 and 0) 


SCK^ , SCKq 


Input/output 


Serial clock (SCI channete 1 and 0) 


A/D converter 


AN7 to ANo 


Input 


Analog input 




Input 


A/D converter external trigger input 




Input 


A/D converter power ' 




AVss 


Input 


ND converter ground 


Vref 


Input 


A/D converter reference voltage input 


D/A convex 


DAI, DAS 


Output 


D/A output ! 


Woe 


Input 


D/A converter power supply 


AVss 


Input 


D/A converter ground 


Vref 


Input 


D/A converter reference power supply 


I/O ports 


PlytO PI0 


input/output 


Porti 


P27 to P2o 


Input/output 


Port 2 


P37 to P3o 


Input/output 


Porta 


P47 to P4o 


Input/output 


Port 4 


PSg to PSq 


Input/output 


Potts 


PBe to P6o 


Input/output 


Porte 


P77 to P7o 


input 


Port 7 


P84 to P80 


Input/output 


Port 8 


PQs to P9o 


input/output 


Porta 


PA7 to PAo 


Input/output 


Port A 


PBrtoP^ 


Input/output 


Ports 
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Section 3 Block Diagram 
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Unit: byte 




ROM 


RAM 


H8/3048 


128 k 


4k 


H8/3047 


96 k 


4k 


H8/3044 


32 k 


2* 



Section 4 CPU 



The central processing unit of the H8/3048 Series is the H8/300H CPU, a hi^^wei CPU 
with 32-bit internal data paths and an architecture that is upward-compatible with the H8/3(X) 
CPU. The H8/300H CPU has sixteen 16-bit general registers and can address a 16-Mbyte 
linear address space. 

4.1 Registers 

As showfi fii the Ml^n^ng diagram, the H8/300H CPU has general registers and cotttrm 
registers. The general registers are configured as eight fimctionally identical 32-bit registers 
that can be used both as address registers and data registers. The control registers include a 
24-bit program counter (PC) and an 8-bit condition code register (CCR). 

CPU Registers 





15 





7 







7 







ERO 


EO 


ROH 


ROL 


ER1 


El 


R1H 


R1L 


ER2 


E2 


R2H 




ER3 


E3 


R3H 


R3L 


ER4 


E4 


R4H 


R4L 


ER5 


E5 


R5H 


R5L 


ER6 


E6 


R6H 


R6L 




E7 


(S 


P) 


R7H 




R7L 




23 




IS 










• 



PC 



CCR 



7 


6 


5 


4 


3 


2 


1 





1 


Ul 


H 


U 


N 


Z 


V 


c 



Legend 


SP: 


Stack pointer 


PC: 


Program counter 


CCR: 
1: 


Condition code register 
Interrupt mask bit 


Ul: 


User bit or interrupt mask bit 


H: 


Half-carry flag 


U: 


User bit 


N: 


Negative flag ^, 
Zero flag 


Z: 


V: 


Overflow flag 


C: 


Carry flag 



I 



General Registers 

The eight 32-bit general registers are all functionally alike and can be used as both address 
registers and data registers. When a general register is used as a data register, it can be 
accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are used as 

32-bit registers or as address registers, they are designated by the letters ER (ERO to ER7). 

^ - • - •• 

Th@ 'St m^teim £vide into 16-bit general registers designated by the letters E (EO to E7) and 
SL (R6 to R?). These registers are functionally equivalent, providing a maxtrmmiMliea 16-bit 
regiisl^ T^s 6 le^^^ (EO to E7) are also referred to as extended ^pst«as. 

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) 
and RL (ROL to R7L). These registers are functionally equivalent, providing a maximum 
sixt^ S'bit re^steiis. 

The following diagram illustrates the usage of the general registers. 11^ usage of each register 
can be selected independently. 



Usage of General Registers 



32-bit regi^ers 
(iNklrass fillisters. 



31 



16-bit registers 
(data regi^ers) 



8-bit registers 
(data registers) 



ER registers 






EROtoER? 






15 




15 







E registers (extended registers) 






R registers 




E0toE7 






RO to R7 





7 



RH registers ' ' RL registers 
ROH to R", / , ROL iu .R7L 



General register ER7 has the function of stack pointer (SP) in addition to its general-register 
fitmrtiM, and^ ttsed iag>licitly in exception handling and subroutine calls. 



t 



CoDtrol Registers 



Prograanat 0mf0I^^PC): This TA'W county intScates die address of the next instii|;|^jttie 



Condition Code Register (CCB:): This 8-bit register contains internal CPU status 
information, including the carry (C), overflow (V), zero (Z), negative (N), and half-cany (H) 
flags, intBim^ ttmsk Mts (1, 01), and user bits (U). 



Bit 


Symbol 


Bit Name 


Function 


Bit 7 


1 


Interrupt masii bit 


Masks interrupts other than NMI when set to 1 . NMI is 
recognized regardless of the 1 bit setSr^. For inforrtiafidn 

on interrupts see 4.8, Interrupts. 


Bite 


Ui 


User bit or interrupt 
mask bit 


Can be written and read by software. This bit can also be 
used as an interrupt mask bit. 


BttS 


: H 


Half-carry Hag 


When an add, subtract, or compare Instruction is 
executed, this flag is set to 1 if there is a cany or borrow at 
an Intermediate bit, and cleared to t <M^wisi, Hw 
Intermediate bit is: 

ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, NEG.B: bit 3 
ADD.W, SUB.W, Ct^P.W, NEG.W: bit 11 
ADD.L, SUB.L, CMP.L, NEG.L: bit 27 


Bit 4 


u 


User bit 


Can be written and read by software. 


Bits 


N 


Negative flag 


Indicates the most signiftoant bit (sign bit) of data. 


Bit 2 


Z 


Zei^flag 


Set to 1 to indicate zero data, and deared to to iii^eafe 

non-zero data. 


Biti 


V 


Overflow flag 


Set to 1 when an arithmetic overflow occurs, and cleared 
to at other times. 


mo 


c 


Carry flag 


Set to 1 when a carry occurs, and cleared to otherwise. 



Used by add Instructions to indicate a carry, subtract 
Instructions to Indicate a borrow, and shift and rotate 
instructions to store the value shifted out of the end bit 
The carry flag is also used as a bit accumulator by bit 
manipulation instructipns. 



42 OftteforHiati 



The H8/300H CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit 

(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bit n (n = 0, 

1,2 7) of byte operand data. Tlie DAA and DAS decimal-adjust instructions treat byte data 

as two digits of 4-bit BCD data. . • 



Data type 



t-Dit delta 
- I'M 



1 -bit data 



4-Dit 

BCD data 



4-bit 

BCDdata 



BytedM 

Bytft^lii . 

Wbrddata 

I .t il. 



General register 
RnH 

RnL 

nnH 

RnL 



m. 



m 



En 



ERn 



15 



Data tormat 
7 



7 


6 


5 


4 


3 


2 


1 






don't care 



7 4 3 

1 — I — r- 



7 


6 


5 


4 


3 


2 


1 






Upper digit 



Lower digit 
■ 



don't care 
7 4 3 



don't care 



^ — I — I — r 

Upperdigit 



-r- 



Lower digit 



7 
I I I I I I r 



-I I I I I i_ 



dan't care 



MSB 



LSB 



danlcare 



7 

— I — I — I — I — I — I — r 



MSB 



15 



LSB 




— 1 — I — I — I — I — I — I — I — I — I — r- 
1 ■ ,1 ■ « ■ I I I I |_ 



MSB 



LSB 



-I — I — I — I — I — 1 — I — I — I — I — I — I — r- 
-1 — I I I ■ ■ ■ ■ ' 



-1 — I — I — I — I — I— r- 

-fli-i,f ittif- -I J 1 L. 



LSB 
1615 



-I — I — 1 — p- 



ISB 



20 Hitachi 



Memory Data Formats 



Address 



Data format 



1-t>»data 



Address L 



Bytodata 



Address L 



MSB 



LSB 



Word data -(. 



Address 2M 



(^Address 2M + 1 



MSB 



, LSB 



Longwofddata 



[ Address 2N 

I 

I Address 2N + 1 
' Addiess2N + 2 



MSB 



T — r 



-t^ h 

H \ h 



■+- 



NoCe: Word data and kmgwoid data must start at an even address. 



-mmm 



43 Addressing Modes 

IThe W^fWGE GPV supports the eight addressing modes listed in the following table. 



No. 


Addressing Mode 


Symbol 


P— -4 


1 


Register direct 


Rn 




2 


Register indirect 


@ERn 




3 


Register indirect with displacement 


®(d:16,ERn)/®(d:24,ERn) 




4 


Risgister indirect with post-increfnent 
Register indirect with pre-decrement 


eERn^ 
e-ERn 


1 


5 


Absolute addisssi 

."TirV -. 


@aa:8/@ aa: 1 6/@ aa:24 




6 


Immediate 


#aa:8/#aa:16/#aa:32 




7 


Program-counter relative 


®(d:8,PC)/®(d:16,PC) 




8 


Memory indirect 


eeaa:8 





Note: Data transfer instrufiiaNfei^ use addrsssii^ modes 1 through 6. 
Effective Address Calculation 



Na 



Addressing Mode 
and Instniction Format 



Effective 
Address Calculation 



Effective 
Address (EA) 



Register direct (Rn) 



op rm rn 



Operand is general register 
contents 



Register indirect {@ERn) 



31 



General register contents 



op 



23 



Register indirect with 
displacement 

«{d:16, ERn) or @(d:24, ERn) 



31 



op 


r 




disp 



n^lSirir indirect with post- 
increment or pre-decrement 

• Register indirect with 
post-increment @ERn+ 



op 



General register contents 



Sign extension 



disp 



23 



31 



General register contents 



1,2, or 4 



23 




Legend 




r, rm, m: 


Register field 


op: 


Operation field 


disp: 


Displacement 


IMM: 


Immediate data 


abs: 


Absolute address 



I, 



4.4 Instruction Set 

The CPU has a set of 62 types of instructions with the following features. 

• General-register architecture 

• 8/16/3^4*^iii^ transfer, arithmetic, and logic insmictions 

tisn^^ in^mctions and basic aridimetic and logic instnus&ns cssa operate on byte 
(BX mad (W), and JtottfWOid (L) data 

• Signed and unsigned multiply and divide instructions 

• PowecM bit manipulation instructions 



Assembler Format 



The following exan^te illustrates die ADD instruction. 



ADD. B Rs, Rd 



♦ M t 



Destination operand 
Source operand 
Size 

Mnemonic 



Instruction S^t 





Operand Size 


Oparalian 


K 
K 


IX 


c 

a. 

Ui 

19 


LU 
2, 

191 


DC 

<9> 
"S 
cc 

LU 
1 


n 
(9) 


— 
a 


(0 

n 

<9> 
« 


1 Implied 


1 


UI 


H 


N 


Z 


V 


c 


No of states 


MOV.B #)(x;8,Rd 


B 


#xx:e K. Rd8 


2 


















_ 








• 


: 








2 


MOV.B Rs.Rd 


8 


Rs8 .E Rd8 




2 

























; 


; 








2 


MOV.B @ERs,Rd 


B 


@ERsx Rd8 






2 























I 


1 








4 


MOV.B 8(d:16,ERs),Rd 


B 


e(d:16,ERs)ii Rd8 








4 























1 








6 


MOV.B a(d:24.ERs).Rd 


B 


@(d:24,ERs) « Rd8 








8 





















♦ 










10 


MOV.B @ERs+,Rd 


B 


@EFIs« Rd8, ERs+1 X ERs 










2 



















- 


• 








6 


MOV.B @aa:8,Rd 


B 


@aa:8 x Rd8 












2 

















; 










4 


MOV.B @aa:16,Rd 


B 


@aa;16A RdS 












4 








_ 







t 


• 








6 


MOV.B @aa:24,Rd 


B 


@aa:24 JB RdS 












6 








_ 




_ 


• 










8 


MOV.B Rs,@ERd 


B 


Rs8x @ERd 






2 




















• 







_ 


4 


MOV.B Rs,®(d:16,ERd) 


B 


RsBx @(d:16.ERd) 








4 


















; 







_ 


6 


MOV.B Rs,@(d:24.ERd) 


B 


Rs8 R @(d:24,ERd) 








8 


















I 









10 


MOV.B Rs,@-ERd 


B 


ERd-1 X ERd, RsSx 6 ERd 










2 
















I 


: 





_ 


6 


MOV.B Rs,@aa:8 


B 


Rs8 R @aa:8 












2 












_ 


I 


T 





_ 


4 


MOV.B Rs.@aa:16 


B 


Rs8 X @aa:16 












4 





















_ 


6 


MOV.B Rs,@aa:24 


B 


Rs8 n @aa:24 












6 












_ 









_ 


8 


MOV.W #xx:16,Rd 


W 


#xx:t6 a Rd16 


4 

































4 


MOV.W Rs.Rd 


W 


RsliD x. Rdl6 




2 




















_ 


T 


I 





_ 


2 


MOV.W ©ERs.Rd 


w 


@ERs « Rd16 






2 


















_ 


t 


t 





_ 


4 


MOV.W e(d:16,ERs),Rd 


W 


@(d:16,ERs)« Rd16 








4 



















t 


I 








6 


MOV.W e(d:24,ERs),Rd 


w 


e(d:24.ERs)s Rd16 








8 
















_ 




: 





_ 


10 


MOV.W SERs+.Rd 


w 


eERsx Rd16, ERs+2je ERs 










2 

























6 


MOV.W eaa:16,Rd 


w 


®an:16 R Rd16 




























6 


MOV.W eaa:24,Rd 


w 


@aa;24« Rdl6 





























8 


MOV.W Rs,9ERd 


w 


Rs16c @ERd 






2 





























4 


MOV.W Rs.©(d;16,ERa) 


w 


Rs16s @(d:16,ERd) 








4 



























6 


MOV.W Rs.a(d:24,ERd) 


w 


Rs16« @(d:24,ERd) 








8 



























10 


MOV.W Rs,@-ERd 


w 


ERd-2£ ERd, Rs16« 0ERd 










2 

























6 


MOV.W Rs.@aa:16 


w 


RsISjb @aa:16 












4 























6 


MOV.W Rs,@aa:24 


w 


Rs16x @aa;24 












6 























8 


MOV.L #xx:32,ERd 


L 


#xx 32 R ERd32 


6 

































8 


MOV.L ERs.ERd 


L 


ERii32 R ERd32 




2 































2 


MOV.L ©ERs.ERd 


L 


@ERs R ERd32 






4 





























8 


MOV.L e(d:16,ERs),ERd 


L 


®(d:16,ERs) R ERd32 








6 



























10 


MOV.L ®(d:24,ERs).ERd 


L 


e(d:24,ERs) R ERd32 








10 



























14 


MOV.L eERs+.ERd 


L 


®ERs« ERd32, ERs+4 JI ERS 










4 

























10 


MOV.L eaa:16,ERd 


L 


@aa:16x ERd32 












6 














I 


t 







10 


MOV.L eaa:24.ERd 


L 


eaa:24JE ERd32 












8 














T 


t 







12 


MOV.L ERs.eERd 


L 


ERs32s SERd 






4 





























8 


MOV.L ERs,e(d:16,ERd) 


L 


ERs32 R @(d:16,ERd) 








6 



























10 


MOV.L ERs,e(d:24,ERd) 


L 


ERs32ie ®(d:24,ERd) 








10 



























14 


MOV.L ERs,8-ERd 


L 


ERd-4j« ERd, ERs32« ®ERd 










4 

























10 


MOV.L ERs.eaa:16 


L 


ERs32i( @aa:16 












6 























10 


MOV.L ERs.eaa:24 


L 


ERs32« eaa:24 












8 























12 


POP.W Rd 


W 


eSP+« Rd16 






2 





























6 


PUSH.W Rs 


w 


Rst6« ®-SP 






2 





























6 


PORL ERd 


L 


®SP+« ERd32 






4 





























8 


PUSH.LERs 


L 


EPs32« @-SP 






4 





























8 


M0VFPE®aa:16,Rd 


B 


Cannot be used in the H8/3048 Series 




































MOVTPE Rs. eaa:16 


B 


Cannot be used in the H8/3048 Series 





































Addressing Mode and 

Instruction Length 



Condl^Coda 



Data 
transfer 
instruc- 
tkxw 









Addressing Mode and 
Instruction Length 




::or 


Ida 


iM 


Caila 






^ Itiiimonle 




Opsmien 










+ 

c 

OC 


























1 


Operand Siz( 


>< 


c 


c 

oc 

UJ 

d 


c 
cc 

lU 
® 


lU 
UJ 

1 

Q> 


n 

(D 

9 


o 

0. 


CO 


1 Implied 


1 


ui 


H 


N 


f 






No. of States 


Block 


EEPMOV.B 


- 




















4 
















5 


transter 


if R4L*0 then 








































insiruc- 


repeat @ER5 x @ER6. ER5-^1 JB. ER5. ER6+1 < ER6. R4L-1 £ R4L 




































twns 


until R4L=K) 
else next 










































EEPMOV.W 


- 




















4 
















5 




if R4«e0then 










































repeat dins* «SR6.ER5+1 j| ER5.ER64-1A En6.R4^t Jl R4 






































until 










































else next 


































— 


— 




Arithmetic 


ADO.B #xx:8,Rd 


B 


Rd8+#xx:8 X Rd8 


2 
























* 


t 








2 


instruc- 


AOD.B Rs,Rd 


B 


Rd8+Rs8 M Rd8 




2 






















I 


J 


\ 




-1- 


2 


tions 


ADD.W #xx:16,Rd 


W 


Rd1&f#xx:16x Rd16 


4 
























1 


: 


-L 


I 


-j- 


4 




ADD.W Rs.Rd 


W 


Rd16+Rs16JB Rd16 




2 






















1 


I 




_L 


-i- 


2 




ADD.L #xx:32,ERd 


L 


ERd32+#xx:32 Jt ERd32 


6 
























2 


I 


X 


X 


I 


6 




ADD.L ERs.ERd 


L 


ERd32+ERs32 JE ERd32 




2 






















2 


t 


-1- 


\ 


t 


2 




ADDX.B #xx:8.Rd 


B 


Rd8+#xxi8+C * RdS 


2 
























t 




3 




— 


2 




ADDX-B Rs.Rd 


B 


Rd8+Rs8+C * RdS 




2 






















: 


• 


3 






2 




ADDS #1 ,ERd 


L 


bndji^+l M. tHa.3<: 




2 






























2 




AUUo ffe!,bna 


L 


ERd32+2 E ERd32 




2 






























2 




AUUo ff4,crfu 


L 


ERd32+4 X ERd32 




2 
























— 


— 




2 




INO.D KQ 


B 


Rd8+1 « RdS 




2 

























I 


I 


X 




2 




INL-.W #1,Hd 


W 


Rdie+1 c Rd16 




2 

























t 


X 


X 




2 




INC.W #2,nd 


W 


Rd16+2x Rd16 




2 



























I 


X 




2 




Ikl/^ 1 J14 r— n J 

INCLffI.End 


L 


ERd32+2iE ERd32 




2 



























4- 






2 




INCL #Z,ERd 


L 


ERd32+2x ERd32 




2 

























• 








2 




DAA Rd 


B 


RdS dedmal adjusts RdS 




2 






















♦ 










2 




NEG.D Rd 


B 


RdS 




2 






















T 


♦ 








2 




NcG.W Rd 


W 


0-Rd16x RdlS 




2 






















1 


t 


j 


-i- 




2 




KIC/^ • COA 

NbQ.L End 


L 


0-ERd3Zjl ERd32 




2 






















2 


I 






I 


2 




Ol to □ Da OA 

oUbJ.D HS.Ha 


B 


RdS-RsB K RdS 




2 






















: 


t 


4- 


X 




2 




Ol lO \kl iiwu. 1 C OA 

oUd.W ffxx.ib.Ha 


W 


Rdl6-#xx:16 X Rdl6 


4 
























1 


: 




-i- 


— 


4 




SUB.W Rs. Rd 


w 


Rd16-Rs16 « Rd16 




2 






















1 


t 




X 




2 






L 


ERd32-#xx:32 « ERd32 


6 
























2 


J 




* 

i 


t 

i 


6 




SUBLERs.ERd 


L 


ERd32-ERs32« ERd32 




2 






















2 


I 




t 




2 




SUBX.B #xx'.8,Rd 


B 


Rd8-#xx;S-C iS RdS 


2 
























t 


t 


3 


J 




2 




SUBX.B Rs.Rd 


B 


Rd8-Rs8-C« RdS 




2 






















t 


3 




— 
-I- 


2 




SUBS#1.ERd 


L 


ERd32-1 X ERd32 




2 






























2 




SUBS *2.ERd 


L 


ERd32-2iE ERd32 




2 






























2 




SUBS #4.ERd 


L 


ERd32-4i> ERd32 




2 






























2 




DEC.B Rd 


B 


Rd8-1 X RdS 




2 




























= 


2 




DEC.WSI.Rd 


W 


Rdl6-1 X Rd16 






2 




DEC.W#2.Rd 


W 


Rdl6-2« Rdie 




















— 


2 




DEC.L#1,ERd 


L 


ERd32-1 M EHd32 




2 






















: 


I 






2 




DEC.L«2.ERd 


L 


ERd32-2x ERd32 




2 






















: 




t 




2 




DASRd 


B 


RdSdedmatadiots RdB 




2 




















* 


4- 


t 


* 




2 




CMP.B #xx:8,Rd 


B 


Rd8-*xx:8 


2 






















: 


: 


: 


: 


I 


2 




CMP.B Rs.Rd 


B 


RdB-RsS 




2 




















: 


: 


: 


T 


t 


2 




CMP.W#xx:16,Rd 


W 


Rdl6-#xx:16 


4 






















1 


J 


I 


I 




4 




CMP.WRs.Rd 


W 


Rd16-Rsl6 




2 




















1 


: 




: 


: 


2 




CMP.L #!cx:32,ERd 


L 


ERd32-#xx:32 


6 






















2 


t 








6 




CMP.L ERs.ERd 


L 


ERd32-ERs32 




2 




















2 


: 






T 


2 




MULXU.B Rs.Rd 


B 


Rd8¥Rs8 X Rdl6 




2 






























14 




MULXU.W Rs.ERd 


W 


Rdl6¥Rsl6 K ERd32 




2 






























22 




DIVXU.B RS,Rd 


B 


Rd164fls8« Rd16 

(H: remainder, L: quotient) 




2 






























14 




DIVXU.WRs.ERd 


W 


ERd32'rRs16x ERd32 
(E: remainder, R: quotient) 




2 






























22 



Arithmetic 
instruc- 
tions 



■ 

mmmm 

T 


Operand Size 


OiMmHon 


X 

^ 


c 

cc 


c 

IT 

Ui 

<a 


c 

DC 
UJ_ 

3. 
(9 


t 
a. 
m 

> 

■v 


n 

n 


o 

CL 


n 
a 

9 


1 Implied | 




No. of states 


1 


UI 


H 


N 


z 


V 


c 


MULXS.B Rs,ERd 


B 


RdBvRsac Rd16 




4 
















— 






; 1 :. 


— 


— 


16 


MULXS.WRs,ERd 


W 


Rd16¥Rs16< ERd32 




4 
















— 


— 


— 


T 


T 


— 


— 


24 


DIVXS.BRs,FM 


B 


Rd16«fls8a Rd16 

(H: rgmoIndBr, U Quotient) 




4 
















— 


— 


— 


I 


: 


— 


— 


IS 


DIVXS.WRs.EfM 


W 


ERd32TRs16s ERd32 

(E: remainder, R: quotient) 




4 
















— 


— 


— 


I 


X 


— 




24 


EXTU.WRd 


w 


RdLB zero extension < Rdie 




2 
















— 


— 


— 


X 


X 







2 


EXTU.L ERd 


L 


Rdie zero extension* ERd32 




2 
















— 


— 


— 


X 


X 





— 


2 


EXTS.W Rd 


W 


RdLH sign extension « Rd16 




2 
















— 


— 


— 


X 


X 





— 


2 


EXTS.L ERd 


L 


Rdlii sign extension X ERd32 




2 
















— 








X 


T 








2 


ANO.B «xx:8,Rd 


B 


Rd8Y«xx:8« Rd8 


2 





























* 





— 


2 


AND.B Rs.Rd 


B 


Rd8'irRs8ie Rd8 




2 



























X 








2 


AND.W#xx:16,Rd 


W 


Rd1i3Y#xx:16 x Rd16 


4 



























I 


X 








4 


AND.W Rs.Rd 


W 


Rd1iiYRsl6« Rd16 




2 



















— 


— 


X 


X 








2 


AND.L#xx:32,ERd 


L 


ERd32Y#xx:32 x ERd32 


6 



























X 


X 








6 


AND.L ERs.ERd 


L 


ERd32YERs32« ERd32 




4 

























I 


X 








4 


ORB #)oc8.Rd 


B 


RdS.«xx:8x RdS 


2 





























I 








2 


OR.B Rs.Rd 


B 


Rd8/Rs8« RdS 




2 



















: 







+ 








2 


0R.W#xx:16.Rd 


W 


Rd1 3^xx:16 * Rd16 


4 



























X 


t 








4 


OR.W Rs.Rd 


w 


Rd13/Rs16* Rdl6 




2 



























: 








2 


ORL«xx:32,ERd 


L 


ERd32ixx:32s ERd32 


6 



























I 


t 








6 


ORXERsfRd 


L 


ERd32£Rs32s ERd32 




4 

























X 


X 








4 


XOR.B«ioca.Rd 


B 


RdS «xx:8JI RdS 


2 



























X 


1 








2 


XOR.B Rs,Rd 


B 


RdS RsBx RdS 




2 

























X 


I 








2 


XOR.W#xx:16,Rd 


W 


Rd16 #xx:16x Rd16 


4 



























X 


J 








4 


XOR.W Rs.Rd 


W 


Rd16 Rs16« Rd16 




2 

























X 


t 








2 


XOR.L #xx:32.ERd 


L 


ERc32 #xx:32 s ERd32 


6 



























X 


X 








6 


XOR.L ERs.ERd 


L 


ERc32 ERs32« ERd32 




4 

























X 


X 








4 


NOT.B Rd 


B 


Rd8 K RdS 




2 

























X 


X 








2 


NOT.W Rd 


W 


RdT6« Rdie 




2 

























X 


X 








2 


NOTL ERd 


L 


ERc32 K ERd32 




2 

























I 


X 








2 


SHALB Rd 


B 


RdS shift arithmetic left « RdS 




2 
















_ 


_ 


_ 


X 




+ 


J 


2 


SHAL.W Rd 


W 


Rd16 shift arithmetic left ie Rd16 




2 



























X 


I 


J 


2 


SHALL ERd 


L 


ERd32 shift arithmetic left X ERd32 




2 
















_ 


_ 


_ 


X 


I 


J 


J 


2 


SHAR.B Rd 


B 


RdS shift arithmetic right X RdS 




2 
















_ 






X 


I 





J 


2 


SHAR.WRd 


W 


Rd 16 shift arithmetic right « Rd16 




2 

























X 


I 





J 


2 


SHAR.LERd 


L 


ERci32 shift arithmetic right « ERdSZ 




2 
















_ 


_ 


_ 


X 


J 





J 


2 


SHLLBRd 


B 


RdS shift logiclefts RdS 




2 

























X 


I 





J 


2 


SHLLWRd 


W 


Rd16 shift logic Mil Rd16 




2 

























X 


X 





J 


2 


SHU-LERd 


L 


ERd32sMttlaalclefta ERd3Z 




2 



























I 





I 


2 


SHLR.B Rd 


B 


RdS shift logic right X RdS 




2 

































J 


2 


SHLR.W Rd 


W 


Rdie shift logic right x Rd16 




2 

































J 


2 


SHLR.L ERd 


L 


ER(I32 shift logic right x ERd32 




2 

































I 


2 


ROTXL.B Rd 


8 


RdEC rotate left s RdSC 




2 































J 


2 


ROTXL.W Rd 


W 


Rd16C rotate lefts Rd16C 




2 
































I 


2 


ROTXL.L ERd 


L 


ER(I32C rotate left x ERd32C 




2 
















— 


— 


— 









t 


2 


ROTXR.B Rd 


B 


Rd£C rotate right x RdSC 




2 































2 


ROTXR.W Rd 


W 


Rdl 6C rotate right x Rd16C 




2 































2 


ROTXR.L ERd 


L 


ERd32C rotate right X ERd3ZC 




2 































2 


R0T1..B Rd 


B 


RdS rotate left « RdS 




2 































2 


ROTLWRd 


W 


RdlS rotate left! Rdl 6 




2 































2 


ROTL.L ERd 


L 


ERd32 rotate left Jl ERd32 




2 































2 


ROTR.B Rd 


B 


Rd!l rotate right X RdS 




2 































2 


ROTR.W Rd 


W 


Rdl 6 rotate right* Rd16 




2 































2 


ROTaLERd 


L 


Bld3Z rotate rights EfUBZ 




2 































2 



Addressing Mode and 



Logic 
instruc- 
tions 



Shift 
instruc- 
tions 
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Addressing Mode and 
Instruction Length 



Condition Coda 



Bii 

manipu- 
ialion 
inslruc- 
tions 



BSET #xx:3,Rd 



:«xx:3 ol Rd8) - 1 



BSET»xx:3,eERd 



:»xx:3oi eERd) - 1 



BSET#xx:3.eaa:8 



:«xx:3 d eaa:B) - 1 



BSET Rn.Rd 



Rn8 of Rd8) - 1 



BSETRn.eERd 



RnB of eERd) - 1 



BSET Rn.eaa:8 



RnB of eaa:8) - 1 



BCLR #xx:3,Rd 



#xx:3 of RdB) - 



BCLR#xx:3,eERd 



:»xx:3of @ERd) ■ 



BCLR #xx:3,@aa:8 



#xx;3 of ©aa:8) 



BCLR Rn.Rd 



RnB of RdS) - 



BCLR Rn.OERd 



RnB of @ERd) ~ 



BCLR Rn,®aa:8 



;Rn8 of eaa:8) - 



BNOT llxx:3,Rd 



:#xx:3 of RdB) - (#xx:3 of RdB) 



BN0T#xx:3,@ERd 



:«xx:3of eERd) •■ (*xx:3 of @ERd) 



BN0T«xx:3,eaa:B 



:»xx:3 of eaa:B) ■ (f>xx:3 of eaa:8) 



BNOT Rn.Rd 



:Rn8 of RdB) - (RnB of RdB) 



BNOTRn,@ERd 



:Rna of QERd) - (RnB of QERd) 



BNOT Rn,®aa:B 



RnB of @aa:B) ■ (RnB of @aa:8) 



BTST «xx:3,Ro 



»xx:3ofRd8)« Z 



BTST#>oc3.eERd 



:ifxx:3o<8ERd) J Z 



BTST»xx:3.eaa:8 



:«xx:3 ot eaa:8) K Z 



BTST Rn.Rd 



:Rn8ofRda)it Z 



BTSTRn,@ERd 



RnBof @ERd)« Z 



BTST Rn,®aa:8 



RnB of ®aa:8) K Z 



BLD #xx:3,Rd 



;#xx:3 of RdB) X C 



BLD #xx:3.@ERd 



;»xx:3 of @ERd) je C 



BLD «xx:3.®aa:B 



;#xx:3 of @aa:8) « C 



BILD ftxx:3,Rd 



#xx:3 of RdB) X C 



BILD #xx:3,eERd 



:#xx:3of @EBd)x C 



BILD «xx:3,eaa:8 



#xx:3 of eaa:8) X 



BST #xx:3,Rd 



Cje («xx:3o(Rd8) 



BST#xx:3,aERd 



C X (#xx:3 of QERd) 



BST«xx:3,@aa:B 



C X (»xx:3 of @aa:B) 



BIST #xx;3,Rd 



BIST#xx:3.®ERd 



C X (»xx:3 of RdB) 



C X ()lxx:3of @ERd) 



BIST#xx:3.®aa:8 



C X (tlxx:3 ot Qaa:8) 



BAND #xx:3.Rd 



CY(#xx:3 ct RdB) g C 



BANDIhO(:3.eERd 



CY(«xx:30(eERd)« C 



BAND txx:3,eaa:8 



cy(»ioc3 o( eaa:8) M C 



BIAND »xx:3,Rd 



CY(«xx:3 of RdB) it C 



BIAND «xx;3.eERd 



CY(Hxx:3 of eERd) x C 



BIAND Sxx:3.aaa:8 



CY(«xx:3of @aa:8) X C 



BOR (»xx:3,Rd 



C,(#xx:3ot RdB) X C 



BOR «xx:3,@ERd 



C,(«xx:3of eERd) X C 



BOR #xx:3,@aa:8 



C/(#xx:3of @aa:8) K 



BIOR *fxx:3.Rd 



CX#xx:3ofRdB)« C 



BIOR #xx:3,@ERd 



CX#xx:3o( eERd) X C 



BiOR«xx:3,@aa:8 



C/(#xx:3of @aa:8) x C 



BXOR «xx:3,Rd 



C (»xx:3 of RdB) it 



BXOR«xx:3.@ERd 



BXOR #xx:3,®aa:8 



BIXOR ((xx:3,Rd 



BIXOR «xx:3.@ERd 



BIXOR «xx:3.8aa:£ 



C (»xx:3 of eERdl x C 



C 

C . 
C (iu 



C (#xxV3 ol ©aa 



Operation 



Addressing Mode and 
Instruction Length 



Condition Code 



Branching 

inaruo- 

tions 



Bcc d:8 



if condition is true, then 
PC ■■ PC-Hl:8 else neia 



BcgM 



— if condition is true, then 
PC ■■ PC-»d:16eisenexl 



MP eERn 



MP aaa:24 



JKIP e®aa:a (normal) 



PC • EHn 



PC ■• aar24 



PC ■ (aaa:8)16 



PC ■ (aaa:8)24 



SP-2X SP. PC16* «SP 

PC ■■ PC+d:8 



SP-4 X SP, PC24 X 8SP 
PC ■■ PC+di8 



BSRd:16(normai) 



SP-2ie SP. PC16« eSP 

PC ■■ PC+d:16 



SP-4 X SP, PC24 X ®SP 
PC ■■ PC+d:16 



JSn eERn (normai) 



SP-2 X SP,PC16iS iSSP 
PC -ERn 



JSR SERn (advanced) 



sp-4< sp.pca4ji 9 SP 

PC - ERn 



JSR eaa:24 (normai) 



SP-2« SPPC16J8 esp 
PC •■ aa:24 



JSR @aa:24 (advanced) 



SP-4 X SP, PC24 s eSP 
PC ■■ aa:24 



JSR @eaa;8 (normal) 



SP-: 
PC ■ 



s SP, PC16« 

(835:8)16 



JSR @@aa:8 (advanced) 



SP-4 s SP, PC24 X ®SP 
PC " (@aa:8)24 



RTS (normal) 



PC ■ (@SP)16 
SP+2; X SP 



RTS (advanced) 



PC2* ■ 
SP+^ I 



{I8SP)24 
SP 



System 
control 
instruc- 
tions 



RTE 



CCR ■■ (@SP)8,PC24 
SP+4 X SP 



(@SP)24 



TRAPA #xx:2 



SP-< « SP, CCR ■■(®SP)8, 
PC24 ■■ (aSP)24, vector x PC 



Transition to sleep mode 



NOP 



No operation 



LDC «xx:8,CCR 



«xx:eit CCR 



LDC Rs,CCR 



Rs8 £ CCR 



LDC eERs,CCR 



W 



@ERs(even) x CCR 



LDC @(d:16,ERs),CCR 



@(d:16,ERs) (even) « CCR 



LDC @(d:24,ERs),CCR 



j(d:24,ERs) (even) a CCR 



LDC ®ERs+,CCR 



©ERs (even) x CCR, 
ERs+2 X ERs 



LDC @aa:16,CCR 



@aa:16 (even) x CCR 



LDC @aa:24,CCR 



®aa:24 (even) x CCR 



STC CCR,Rd 



CCR X Rd8 



STCCCR,@ERd 



CCR X eERd (even) 



STC CCR,e(d:16,ERd) 



CCR ,8 e(d:16,ERd) (even) 



STCCCR,®(d:24,ERd) 



CCR,t e(d:24,ERd) (even) 



STCCCR,e-ERd 



ERd-2« Erd, 
CCR« eERd(even) 



STC CCR, eaa:16 



CCR* eaa:16(even) 



STCCCR,eaa:24 



CCR X eaa:24 (even) 



ANDC #xx:8,CCR 



«xx:BYCCRje CCR 



ORC #xx:8,CCR 



Hxx-.ilCCBx CCR 



XORC «xx:8,CCR 



#xx;a CCR* CCR 
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Noln: llie number Of ilales is lha number of states requkBdfQraiiaciitkn when Ihainsm^ 
StMHI!SGess«deliMC space or ki oivchjp RAM. 

n' '8tft6'ttlNiariacanyorborrowocnicsalbl11:ataniriseGlearadloO. 

2 Set to 1 tvtien a carry or borrow occurs at bit 27; olhennse dsaied to 0. 

3 Retains its previous value wher< the resuH is zero: ollieiwise deaied to 0. 

4 Set to 1 wt»n the adjustment produces a carry; otherwise retains its previous value. 

5 The number of states required tor execution is 4n« 8. wtieren is the value set in R4L tor EEPMOV.B or R4 for EEPMOV.W. 

j , 

Operand Nlltiltion 



Symbol 


Description 




PC 


Program counter 




Stack pointer 


CCR 


Condition code register 




Z 


Zero flag In condition code register 




i 


c : , , 


Carry flag In condition code register ' 






General data register Miil legister (ROH/ROL to R7H/R7L) or 1 6-bit register 

(RO to R7, EO to E7) 




ERs, ERd 


General register: 24-bit address register (ERO to ER7} or 32-bit data register 
(ERO to ER7) 


— f- 

! 


d:8. d:16. d:24 


8/16/24-bit displacement 




#xx:2/3/8/16/32 


2/3/8/16/32-bit immediate data 





X 


Tretnsfer from the operand on the left to the operand on the right 




!*■ V 1 • 


Addition of the operands on both sides 






Subtraction of the operand on the right from the operand on the left 




X 


Multiplication of the operands on tx>th sides 




■r Division of the operand on tfie left by the operand on the right 




Logical AND of the operands on both sides 




/ 


Logical OR of the operands on tmth sides 






Exclusive logical OR of the operands on both sides 






NOT (logical complement, 1's complement) 




{ ) ■ 6 


Contents of operand 




{' / ' 


t Noistion 




Symbol 


Description 




t 


Changed according to enciifion reaiA 




• 


Undetennlned (no guaranteed value) 







Cleared to 




1 


Set to 1 






Not affected by execution of the instruction 





Number (tf SQates l^equired tor Execution: The number of states given in the instnicti<m S(A 
table applies lostruc^n and its operand data are located in a two-^lOe word ac@ei$ 

area, such ai im-tMp RAM. Iikstruction code is located in external memory, but the attributes 

of the memory area (byte or word access, two- or three-state access, wait states inserted or not, 
number of wait states) can be selected by the bus controller and wait-state controller. The 
attributes of the on-chip supporting modules are fixed at either three-state word access or 
three-state byte access. The number of additional states required for instruction 
depends on ttHS e(8iitaadoo ^Hi^ factors as indicated in die following tables. 



Aecess Ckmditions 


Number of Additional States 
Required for Execution 




Byte Data 


Word Data 


Operand data 


External address 
(^«tat» bfte accras) 





2 




External address or on-chip RAM 
(2-state word access) 










On-chip supporting module 
(3-state byte access) 


1 


4 




On-chip supporting module 
(3-state word access) 


1 


1 




External address 

(3-state byte access with m wait states) 


1 + m 


4 + 2m 




External address 

(3-state word access with m wait states) 


1 +m 


1 +m 





Number of Additional States 
Required for Execution 


A 


iceess Conditions 


Branching 
Instruction 


Non-Branching 
Instruction 


Instruction 
LanpNf^es) 


2 


4 


2 


4 


6 


8 


10 




(2-«taie byte access) 


4 


6 


2 


4 


6 


8 


10 


External address or on-chip 
I^M (2-state word access) 























Bctemal address 
(3-state byte accew«Mi 
m wait states) 


8 + 4m 




4 + 2 m 


8 + 4 m 


12 + 6m 


16 + 8m 


20 + 10 m 


External address 
(3-state word access wih 
m watt states) 


2 + 2m 


3 + 3m 


1 + m 


2 + 2m 


3 + 3m 


4 + 4 m 


5 + 5m 
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4.5 Basic Timing 

Baailinfi3iiilic.11aiiiig ' n v . ■ 

The system clock (0) is generated by input of an external clock signal to the EXTAL pin, or by 
connecting a crystal resonator to the XTAL and EXTAL pins. The system clock frequency is 
the same as the frequency of the crystal resonator or external clock signal. 



XTAL 
EXTAL 



Oscillator 



Duty adjustment 
circuit 



1:1 clod( oscillator 



UlodL Diagram of Clock Pulse Generator 



CPU Read and Write Cycles 

Tbe CMJ Qpeiat^ u^g the system clock (0) as a time base. One cycle of the system clock is 
called » state. Each bus cycle consists of two or three states. The CPU uses different methc^ 
to access on-chip memory, the on-chip supporting modules, and external devices. Aceess to the 
external address spa(^.£m be controlled by the bus controller. 



fz W0X hi^NpiiiditprQcessing, on-chip memory is ms^sedt im word si^ 'm ■ 



'i<- 



Read access 



■mi 



Address bus 

I 
I 

Internal read signal ; 
. Internal data bus ^ 

' Internal write signal 1 



. Internal data bus 



Bus cycle- 



Z) — c 



Address 



Read data 



Write data 



->; 



i< T, state >!< Testate >; 

■■ — ^ ^ — \ T 



t 



I 



On-Chip Memory Access Cycle 



^ T, 


< T2 >. 


/ \ 


/ \ \ 




)( Address i, 



High impedance 



Pin States DuEing On-Cbip Memory A«c^ 
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On-Chip Supporting Modules: Ths on-chip supporting modules are accessed in three: states, 
in byte ^ze or word si^fe. 



- Bus cycle ;- 



Riadaecess 



Internal read signal ! \ ; f 



Internal data bus o ( Read data 



r Internal Mite signal ! V 



Internal data bus 



<< Ti state >'< Ta state • >-< T3 state >\ 

— L_^^ — \_j \ r~ 

tWtwnatoaaiBss bus ~ ^ Address 



^ Write data 



On-Chip Supporting Module Access Cycle 



"A f 



Address bus 



X 



AS. RD, HWa LVm 
D,5toC\, 



T2 



Address 



High 
High impedance 



3c: 



Pin States During On-Ctiip Supporting Module Access 



External Address Space: The external address space is divided into eight areas. Uta^^tilRIt 
width (8 or 16 bits) anS access cycle length (two or three states) can be selected fmr^m^kimA 



-T, stale 



Bus cycle >i 

state >; 



Address 







AS. RD : \ 


/ 







HWR, LWR 
DistoDg 



<: 



Write data 



Access Cycle for Two-State-Access Areas 





AM 



HWR,LW1 

(read access) 

0,5 to Do 
(write access) 





< Bus cycle 


>• 




— T, state >'< state > 


< Tg &sm' — > 


\ I \ / 


\ / 


r- 


1 






X Address 














V 


/ 












\ 
















/ 








^ Read data ^ ' 








>- 




' -T-^^ Write d^a 



Access Cycle for Three-State-Access Areas 



Each of the eight areas can be designated as an 8-bit access area or a 16-bit access area. The 
upper part of the data bus (Dig to Dg) is used to access an 8-bit access area. Both the upper 
part (P]^ to Dg) and lower part (D7 to Dq) are used to access a 16-bit access area. The 

f®Il@«ltegvA!@pw^iiiita (fetalis. — ... 



Us^p cif Bus to Ai^eess DiH^erent Areas 

Upper Data Bus Lower Data Bus 

Area Access Size Read/Write Address Valid Strobe (D^s to Dg) (D7 to Dp) 

8-bit-»SdeS6 Byts Read Even/odd RD Valid Invalid 

^'^^ Write Even/odd HWR Undetermined 

Even RD Valid Invalid 

Odd Invalid \^lid 

Even HWR Valid Undetermined 

Odd LWR Undetennined Valid 

Word Read Even RD Wlid \felid 

Write Even HWR, i^VR Valid \felid 



16-bit-access Byte Read 
area 



Write 



Add re ss bu s 
CSstoCSo 



Read access 



r AS, RD 
^- DigtoO^ 



Write access - 



HWR, LWR 



DistoCJo 



- Ti state- 



< Tg state >i 



toyc 



.tcH_» 



J. 



tAD 



Iasi 



tASI 



twDD 



tcL- 



-tcF- 



-tcR 



Iasd 



IaCC3 



Iacci 



Irds 



■\ / 



tsD 



Iasd 



tAH- 



tpcH • 



tRDH 



TsD 



Iwswi 



-twDSI- 



_tAH. 



■ tpcH - 



\ 



tWOH 



External Device Access Cycle (Two-State-Access Area) 



Address bus 



Read 
access 



Write 
access 



{AS,W> 



DistoDo 



T, state - 



T2 state > < T3 state - 



tACC4 



t«;c2 



IwSD 



tAS2 



twDS2 



tnos 



twswe 



^Etff3»l Device Access Cyde (Three-State-Access Ar&^ 



— PreliinAaary — 







Vcc 


= 2.7VtoS.5V 


Vcc 


= 5.0 V ±10% 








8 MHz 




18 MHz 


Item 


Symbol 


Min 


Max 


Min 


Max 


Clock cycle time 


'eye 


125 


1000 


55.5 


1000 


Clock low pulse width 


tCL 


40 


— 


17 


— 


Clock high pulse wIMii 


•CH 


40 


— 


17 


— 


Clock risti tirtiiB 


•CR 


— 


20 


— 


10 


Clock fall time 


tcF 


— 


20 


— 


10 


Address delay time 


Iad 


— 


60 


— 


25 


Address hold time 


(ah 


25 


— 


10 


— 


Address strobe <May time 


'asd 


— 


60 


— 


25 


Write strobe delay time 


VSD 


— 


60 


— 


25 


Strobe delay time 


tsD 


— 


60 


— 


25 


Write data strobe pulse width 1 


•wswi 


85 


— 


32 


— 


Write data strobe pulse width 2 


*WSW2 


150 


— 


62 


— 


Address setup time 1 


*AS1 


20 


— 


10 


— 


Address setup time 2 


tAS2 


80 


— 


38 


— 


Read data setup time 


*RDS 


50 


— 


15 


— 


Read data hold time 


*RDH 





— 





— 


Write data delay time 


•WDD 


— 


75 


— 


50 


Write data setup time 1 


*WDS1 


90 


— 


10 


— 


Write data setup time 2 


'WDS2 


15 


— 


10 


— 


Write data hold time 


'WDH 


25 


— 


20 


— 


Read data access time 1 


'acci 


— 


120 


— 


50 


Read data access time 2 


UCC2 


— 


240 


— 


105 


Read data access time 3 


'aCC3 


— 


70 


— 


20 


Read data access time 4 


'aCC4 




180 


— 


80 


Precharge time 


•PCH 


85 


— 


40 


— 


Wait setup time 


•wTS 


40 


— 


25 


— 


Wait hold time 


'WTH 


10 




5 




Bus request setup time 


•brqs 


40 




40 




Bus acknowledge delay time 1 


(bacoi 




60 




30 


Bus acknowledge delay time 2 


'bACD2 




60 




30 


Bus-floating delay time 


(bzo 




70 




40 
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The CPU has five processing states: the reset state, program execution state, exception- 
handling state, bus-ieleased state, and power-down state. The state transitions are as shown 
next. 



End of bus release 




Power-dovwi state y 



NMss 1. From any stale exeapt hardware standby mode, a transition to the reset stale occuw jihan 

goes low. 

2. nom any sl^e, a transition to hardware standby rriode occurs when STBY goes low. 



State TVansition Diagram 
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In this state the CPU ^^u)^ program instructions in sequence. 
Exception-Handling State 

This is a transient state in which the CPU executes an exception-taili^ng"^uence in 
response to a reset, interrupt, or other exception. 

Bus-Released State 

In this state the external bus has been released in response to a bus i^pest signal from a bus 
master other than the CPU. 

Power-Down State 

The GMJ is liallied to conserve power, lliis state includes three modes: a sleep mode, software 
stand% m>^v tnd hardware s^dby mode. 



4.7 Exception Handling 



The sources of exe^lMi^ telling are classified in ths following table. When exception 
handling is requesHed byH^ne # these sources, the CPU saves PC ^d CCR onto the stack, sets 
the interrupt mask bit to 1 in CCR. fetches a starting address from the exceptie© v^Mt\1^Mlh< . 
and starts program execution from that address. If two or more exceptions occur 
simultaneously, they are handled in priority order. Trap exceptions are accepted at all times in 
the program execution state. 

Excep^nHandl^i[||>^iliiPiiOTiQ^ r i-r .v. < 

>c i" hi ■' it>'i.- 

Priority Type of Exception Start of Exception Handling 

High Reset Exception handling starts immediately when RES changes from low to high 

A tnM!^ When an interrupt is requested, exception handling starts at the end of the 

1 current instruction or current exception-handling sequence 

Low Trap instr^iiHon Exception handling starts when a trap (TRAPA) instruction is executed 



Exception 1%c(Br fkble 



Priority 


Exception 




Vector No. 


Vector Address 


High 


Reset 







H'OOOOtoH'0003 


i 


I 


(Reserved for system use) 




1 to6 


H'0004toH'001B 






NMI interrupt 




7 


H'OOICto H'OOIF 






Trap Instruction (four sources) 


8 


H'0020 to H'0023 










9 


H'0024 to H'0027 










10 


H'0028 to H'002B 










11 


H'002C to H'002F 






External interrupts 


IRQo 


12 


H'0030 to H'0033 








IRQi 


13 


H'0034 to H'0037 








IRQj 


14 


H'0038 to H'OOSB 








IRQ3 


15 


H'OOSC to H'003F 








IRQ4 


16 


H'0040 to H'0043 








IRQ5 


17 


H'0044 to H'0047 






(Reserved for sys^M ute) 




18 


H'0048 to H'004B 










19 


H'004C to H'004F 


Low 


Internal interrupts 




20 to 60 


H'0050 to H'00F3 



4.8 Interrupts 



Interrupts areK^tFolled by the interrupt contioUa: Interrupt exception handling can be 
requested by a total of 37 sources, including seven external sources (NMI, IRQq to IRQ5), and 
30 internal sources in the on-chip supporting modules. Each interrupt source has a separate 
vector address. 

I t: 1 

NMi it tte Mg^iest-p^srity interrupt and is always accepted. 

The intenupt'-haindling sequence differs depending on the state of the UE bit in the system 
control register (SYSCR). Interrupts are controlled by the I bit when UE = 1, and by the I and 
UI bits when UE = 0. The following table indicates how interrupts operate under all 
combinations of the UE, I, and UI bits. 



Interrupt Control by UE, I, and UI Bits 



SYSCR 


CCR 






UE 


1 


Ul 


Description 


1 







All interrupts are accepted 

Priority is given to interrupt sources with priority level 1 




1 




Only NMI is accepted 










All interrupts are accepted 

Priority is given to interrupt sources with priority level 1 




t- 




1 


Only NMI and intenupl sources with priority level 1 are ac^pted 
Only NMI is accepted 



Wbm tmtof jfiix^ interrupts occw mmultaneously, if all are assigned to the same priority 
level, the highest-priority interrupt is selected according to an intrinsic iutism^pmsity otdet, 

and the lower-priority interrupts are held pending. When an interrupt occurs the CPU 
references the stack pointer, saves PC and CCR onto the stack, then fetches a starting address 
from the exception vector table and starts executing an interrupt-handling routine from that 
addfem 

Priority levels are assigned in interrupt priority registers A and B (IPRA and IPRB). Woid 
access is permitted to IPR,\ and IPRB, which simplifies priority settings. A specific set of 
interrupts can be temporarily enabled or masked by making appropriate settings in IPRA and 
IPRB, then clearing tiie UE bit to 0, setting die I bit to 1, and clearing the UI bit to 0. 



Block Diagram 



I'tMimipt ' 



IRQ input 



ISCR lER 



IPRA, IPRB 



CPU 



IRQ Input sectior 
ISR 



Priority 
decision 
logic 



Interrupt controller 



Interrupt 
request 



Vector 
number 



Ul 



CCR 



UE 



SYSCR 



Legend 

ISCR: IRQ sense control registar 

lER: IRQ eneble register 

ISR: IRQ status register 

IPRA: Interrupt priority register A 

IPRB: Interrupt priority register B 

CCR: Condition code register 



.C ,^ 
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Priority 

High 
iL 



Low 



Vector Tafelt 






y- *^ 




- - — 




Vector 


Vector 




Interrupt Source 


Origin 


Number 


Address* 


IPR 


NMI 


External pins 


7 


WOOICto H'OOIF 





IRQo 




12 


H'0030 to H'0033 


IPRA7 ; 


IRQ, 




13 


H 0034 to H'0037 


IPRA6 






14 


H'0038toH'003B 


ll>RA5 


IRQi 

-' " 1- 




15 


H'003CtoH'003F 




IRQ4 




16 


H'0O4O to HXXMS 


IPRA4 


IRQs 




17 


H'0O44 to H'0047 




R8S6rv6d 




18 


H'0048 to H'004B 








.19 


H'004C to H'004F 




WOVl (interval timer) 


WDT 


20 


H'0050 to H 0053 


IPRA3 


CMI (oompam RMjkA) 


Retresti 


21 


8*0054 10 H'0057 






controller 








Reserved 





22 


H'OOSetoH-OOSB 








23 


H'005C to K005F 




IMIAo {compare match/input capture AO) 


ITU channel 


24 


H'0060toH'0063 


IPRA2 ' 


IMIBo (compare match/input capture BO) 




25 


H'0064toH'0067 




OVIn (overflow 0) 




26 


H'0068 to H'006B 




Reserved 




27 


H'OOeC to H'OOBF 




IMIA, (compare maich/input capture A1) 


ITU channel 1 


28 


H'O070 to H'0073 


IPRA1 


IMIB^ (compare match/input capture B1) 




29 


H'0074 to H'0077 




OVI, (overflow 1) 




30 


H'0078 to H'007B 




Reserved 





31 


H'007C to H'OOTF 




IMIA2 (compare match/input capture A2) 


ITU channel 2 


32 


H'0O80 to H'0083 


IPRAO 


IIVIIB2 (compare match/input capture B2) 




33 


H'0084 to H'0087 




OVI2 (overflow 2) 




34 


H'0088 to H'OOSB 




Reserved 





35 


H'OOSC to H'OOBF 




IMIA3 (compare maich/input capture A3) 


rm channels 


36 


H'0090 to H'0093 


IPRB7 . 


IMIB3 (compare match/input capture 83) 




37 


H 0094 to H 0097 








38 


N'oogstoH-oogB 









39 


H'009CtoM'009F 




iflA4 (&mpare match/input capture A4) 


rrUchanneU 


40 


H'OOAOtoHWAS 




IMIB4 (compare malcMi^ut capture Bid] 




41 


H'00A4 to H'00A7 




OVI4 (overflow 4) 




42 


H'OOAS to H'OOAB 




Reserved 





43 


H'OOAC to H'OOAF 




DENDm 


DMAC 


44 


H'OOBO to H'00B3 


IPRB5 


DENDoe 




45 


H'00B4toH'00B7 




DEND,A 




46 


H'00B8 to H'OOSB 




OEND1B 




47 


H'OOBC to H'OOBF 




Reserved 




48 


H'OOCO to H'00C3 









49 


H'00C4 to H'00C7 








50 


H'OOCS to H'OOCB 








51 


H'OOCC to H'OOCF 




ERIq (receive error 0) 


SaeharmelO 


SZ 


H'OODO to H'00D3 


tPRB3 


RXIo (recove data fidl 0) 




S3 


H'0OD4 to H'00D7 




TXIb (tnui$init data empty 0) 




54 


H'OODStoH'OODB 




TBo (transmit end 0) 




55 


H'OODCtoH'OODF 




EMf (receive error 1) 


SCI channel 1 


56 


H'00E0toH'00E3 


IPRB2 


(receive data full 1) 




57 


H'00E4 to H'00E7 




TXI, (transmit data empty 1) 




56 


H'OOEB to H'OOEB 




TEI, (transmit end 1) 




59 


H'OOEC to H'OOEF 




ADI (A/D end) 


A/D 


60 


H'OOFO to H'00F3 


IPRB1 



Note: * Lower 1 6 bits of the address. 

ill:. ■- I' 
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' • Sections Operating Modes 

The HS^Q4i'lki^ kiii s^veMfifBiting imxtes that are selected by &e mode pas I 
MDq). The input attet flits JiMaines the size of the address space andtlhe Inilii'Ml 



After program execution begins, the bus controller can select an 8-bit or 16-bit data bus width 
for each area individually. Both the address space and the pin functions differ depending on the 
operating itHSlAi& ' * - ' ' ' '^'^ 

5.1 Expanded Modes with On-Chip ROM Disabled ^odes 1 to 4) 

Mode 1 (ExpaowM 1-MbyteMode with 8-Bit Bus and On-Chip ROM Disabled): Address 

pins to Aq are enabled, permitting access to a maximunn 1 -Mbyte address space. The 
initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least one area is 
designated for 16-bit access by tlie bus controller, the bus mode switches to 16 bits. 

Mode 2 (E^qNiMii l-Mbyte Mode vrifb 16-Bit Bus and On-Chip ROM I»sabi@i^ < : 

Address pins to Aq me eaabled. permitting access to a maximum 1-Mbyte addr^ ^lace. 
The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. If all areas arc 
designated for 8-bit access by the bus controller, the bus mode switches to 8 bits. 

Mode 3 (Expanded 16-Mbyte Mode with 8-Bit Bus and On-Chip ROM Disabled): 
Address pins A23 to Ag are enabled, permitting access to a maximum 16-Mbyte 
The initial bus mode after a reset is 8 bits, with 8-bit access to all areas, at least 
designated for 16-bit aices&l|LteJtaMtl|idIer, the bus mode switcimM li bils^.. 

Mode 4 (Expanded 16-Mbyte Mode with 16-Bit Bus and On-Chip ROM Disabled): 
Address pins A23 to Aq are enabled, permitting access to a maximum 16-Mbyte address space. 
I ttsmmle a!tba&meiWl6 bits, with 16-bit access to all areas. If all areas are 
I S-lnt access by the bus controller, the bus mode switcfaei in 8 bits. 
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5.2 ^[^miled Myites with On-Chip ROM Enabled (Modes 5 and 6) 

Mode 5 (Expanded 1-Mbyte Mode with 8-Bit Bus and On-Chip ROM Enabled): 

The on-chip ROM is enabled. Address pins A19 to Aq are enabled, permitting access to a 
maximum 1-Mbyte address space. The initial bus mode after a reset is 8 bits, with 8-bit access 
to all areas. If at least one area is designated for 16-bit access by the bus controller, the bus 
mode switches to 16 bits. 

Mode 6 (E:^Hi@d 16-Mbyte Mode with 8-Bit Bus and On-Chip jM)M Enabled): 
The on-chip ROM is enabled. Address pins A23 to Aq are enabled, permitting access to a 
maximum 16-Mbyte address space. The initial bus mode after a reset is 8 bits, with 8-bit 
access to all areas. If at least one area is designated for 16-bit access by the bus controller, the 
bus mode switches to 16 bits. 



5.3 Single-Chip Mode (Mode 7) 

Mode 7 (Sii^e-Chip 1-Mbyte Mode): This mode runs all operations from on-chip ROM 
(PROM or masked ROM) and RAM. TM addfess^s^ace size is 1 Mbyte, but oifHdup adcbesses 



Operating Mode Summary 







Mode Pins 


Address 


Address 


Initial 


Data 


On-Chip 


On-ChIp 


Mode 


MDj 


MD^ 




Space 


Bus 


Bus Mode 


) Bus 


ROM 


RAM 


Model 








t 


1 Mbyte 


AfstoAo 


Sbils 


DistoDs 


Disabled 


EnalMt 


Mode 2 





1 





1 Mbyte 


A,9tO Aq 


16 bits 


DistoDo 


Disabled 


Enabled* 


Modes 





1 


1 


16 Mbytes 


A23 to Aq 


8 bits 


Di5 to Dg 


Disabled 


Enabled* 


Mode 4 


1 








16 Mbytes 


A23 to Aq 


16 bits 


0,5 to Do 


Disabled 


Enabled* 


Modes 


1 





1 


1 Mbyte 


Ai9 to Aq 


8 bits 


D,s to Dg 


Enabled 


Enabled* 


Mode 6 


1 


1 





16 Mbytes 


Aaato Aq 


Sbits 


DistoDg 


Enabled 


Enabled* 


Mode 7 


1 


1 


1 


1 Mbyte 








Enabled 


Enabled 


Note: * 


Can be switched to external address spaa 






r. 














, • . •<*tfri S. 






,1 
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i^MMi iieiiMpJ#ip III Operating Mode (1) 



Modes 1 and 2 
(EiSIMnded 1-Mbyte Mode* 
WMkiliM) #011 Disabled) 



Modes 3 and 4 
(Expanded 16-Mbyte Modes 
with On-Cliip ROM Disable^ 



H'IFFFF 

Haoooo 

H'3FFFF 
H'400O0 

H'SFFFF 

H'eoooo 

H7FFFF 
H'HUOO 
K9FFFF 
H'AOOOO 
WBFFFF 
tfCOOOO 




External address 



AM«S 



H'FEFOF 
H'FEFIO ' 



On-chip RAM* 



H'FFFOO h 



m 



OniMttmgiUin 



164« 

absolute 



Mots: • External adcli^ a|«ise il «»-cttip RAM Is (Ssabled. 



Memory- ; 
indirecl ! 
branch 
addresses is-fatt 



H'2d00GO 







H'SFFFFF 

H'eooooo 



H7FFFFF 
H'BOOOOO 



H9FFFFF 
H 



Extamal addiM» 



WOFFFFF 
H'AOOOO 



H'FFEFOF 
HFFEFIO 



On-chip RAM* 



H'FFFFOO r 
HTFFFOF 1 
WFFFFIO 



External address 



KFFFF1B 
HTFFF1C 



On-cHD 



ial- 



8-bit 
absolute 



16-bjt 

absoluta 

addreasee 
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H8/304S Rfranory Maps in Each Operating Mode (2) 



Modes 
(Expanded 1-Mbyte Mode 
with On-Chip ROM Enablad) 



Mode 6 
(Expanded 16-Mbyte Mode 
with On-Chip ROM Enablad) 



Mode? 
faniil*CMpAdvwiGad 



\ Mmtofy- 



Vadorlalila I TManmy- 



^Mamon- t 



I 



4-t 



lobsetute 



MXITFFF [ j. 



i 

i 



On-di^ROM 



' laddresses 



H1FFFF L 
H'200a0 r 
K3FFFF I 

H'«iaoo ! 

H'SFFFF L - 
H'60000 I 
H7FFFF i. 
H'SdOOO 1 
IfSFFFF I 
KADOn i 

KOMWi 

HDFFFFi. . 
IfEOOOO I 





Ami 




AIM2 


ExtsmaJ addrass 
space 


Aisa3 




Ana4 





Anas 

Ane« 

.-. 



H'OIFFFF L 
H'020000 r 



K1FFFFFL 
K200000 I 



HTEHF I 
KFEF10 r 



KFFFOO f 
HTFFOF L 
H'FFFIO 1 

I 

H-FFF1B L 
HTFF1C r 



OiKHpRAM* 



On-chip ragMats 



i H-3FFFFFL- 

- Kioooao I 



WSFFFFF 
I Keocooo 



H7FFFFF 



I 

I WgFFFFF 

ie-bii H'Aoocoo 

absolute | 
addresses I 



H-BFFFFF 
H'COOOOO 



KFFEFOF 
H'FFEFIO 



WFFFFOO 
WFFFFO f 
ITFFFFIO 



HTFFF1B 
H'FFFFIC 



OlHilipnAM* 



Extomal address 



OlM*»H|<ilan 



Ijndvect 
branch 
addresses 



I 

i HWFFF L 



I 



KFaooo 

IfFEFlO 

H-FFTOO 
WFFFOF 



OKhipRAM ! 



On-chip moisten 



8-bit 

absolute 

addresses 



16-bil 

absolute 

addresses 



MMK *BdMr«la4iMiapaDB it CKKHp RAM is disabled. 



H8/3047 Memory Maps in Each OperaittasJliOde (1) 



Modes 3 and 4 
(Expanded 16-Mbyte Modes 
wWi On-Chip ROM Disabled) 



Memofy- ; 

Indirad 

branch 



Modes 1 and 2 
(Expanded 1-Mbyte Modes 
with On-Chip ROM Disabled) 



HWDW 'I I y - 1 

i V«ctorlable TMamonf ; 

, i indiract 
' I branch 
; addrassas 

H'OOOFF t . ..4. 1 



K1FFFF ■ 

Hsoeao [ 

hwctfI 

»4am r 

H'SFFFF -. . 

H'eoooo ; Eldamal address 

H7FFFF 1. »*» . . 

H'80000 : 

K9FFFF L - . . 

IfAOOCIO I 
KBFFFF 
H'COOOO 

KDFFFF 
H'EOOOO 



AraaC 
Mai 
An*2 

AIM a 

Area 
Araafi 





AneS 


r ■- 







! 



HFFFOO 
HFFFOF . 
H'FFFIO 



8-bt 

absoliiie 

addresses 



H3FFFFF 
H'MOOOO 



►fSFFFFF 
K600000 



K7FFFFF 
HVQOQOO 



HBFFFFF 
H'COOOOO 



KFFEFIF 



H'FFFFOO 
H'FFFFOF 
KFFFF10 

H'FFFFIB. 
HTFFFIC 



[ ----- 


Anaz 


External address 


Anas 




Araa4 


. 






AraaS 




*iaa« ' 










Area? 


-~ """"1 




(kvdiipRAM* 






♦ 


External address 


1 



8-bil : 
absolute i 
addresses ; 



NotK *-.atlMnitaii^ «paE«»'«n<hl|s,gMiW-Wtled 
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H8/30i7 M«moiy in Each Openitii^ Mode 



ModaS 
(Expandad 1-Mbyt* Mod* 
wHh On^aiip ROM Enabtad) 



(Expandad IMIbyla Moda 
wHh On-Chip ROW EnabM) 



(Singla^hip 



H'17FFF ;_ 

Kiacoo r- 



K1FFFF L 

mam f 



I addresses, 



» ♦ 

' Memory- 
! indirect 
Ibranch 
'addresses . 
I 16-bil 



mxxn r 



H'017FFF I 
trotsooo : 



IfOIFFFF 

m)20ooo 



Veclor table 


Memory- 
indirect 






branch 




OiKMpWM 




■bsoMa 









K4oaao f 

tfSFFFF i. . 
H'60000 r 
H7FFFF L . 
H'SOOOO I 
H'SFFFF I 
H'AOOOO : 
HBFFFF ^ 
H'COOOO : 

HTJFFFF L - 
KECOOO 



Araa2 



Hrmo 



HTEFOF 
KFEF10 



HFFFOO 
HTFFOF 
HFFF10 

HFFFie 
H'FFFIC 



WIFFPFF 

K2aaaaa 



I K5FFFFFL 
H'600000 ; 



On-chip ragistefs 



S-M 

absolute 

iaddrassas 



<&bit 

aasolute 

addresses 



H7FFFFF 
I H'SOOOOO 



HWFFFF 
KAOOOOO 



WBFFFFF 
KCOOOOO 



HWFFFF 

(reonxio 



HFFEFOF 
KFFEFIO 



H'FFFFOO 
H'FFFFOF 
H'FFFFIO 

H'FFFFIB 
HFFFF1C 



External address 



16-bit 

atisolute 

addresses 



KFEFIO 
HITPDO 



OlvdlilRAM 



H'FFFtC [ 
WFFFFFl 



8-bit 
absohjle 



Notes: 1 . Do not access the reserved aroa. 

2. External address space if on-chip RAM is disabled. 



H8/3044 Memory Maps in Each Operating Mode (1) 



Modes 1 and 2 
(Expanded 1-Mbyte Modes 
with On-Chip ROM Disabled) 



rr I 

VadortaUa ^Memofy- T 



I ISM 




J- 



KIFFFF 
K2O000 

WSFFFF i. 
H'40a00 



H'SFFFF ^ _ . J _ 

H'60000 External address 

H7FFFF L !P»5« J- 

H'SOOOO 

H-9FFFF L..^.. . 

ifAcooo r 



-1- 



H'BFFFF I _ 
H'COOOO : 

wdffffL- 
HSioao i 



OiKhipRAM- 



kfffoo r 

HTFFOF L 
HTFF10 ' 



Extoiral address 



H-FFF1B L 

H'FFFIC 



absohJls . 
'addresses; 



On-dup regislafs i 
WFFFFF A . 



Modes 3 and 4 
(Expanded 16-Mbyte Modes 
witti On-Chip ROM Disabled) 



T "y 

Vector labia ; i Memory- . 

i Indirect I 



IflFFFFFL 



H'SFFFFF 
H'COOOO) 



Extema) addraes 



H7FFFFF 1 
H'BOOOOO : 



MWTfTFj. _l 

UMOBOO r T 



HBFFFFFl 

Hcoeeoo . 



KOfFFFF 
WEOOOOO 



HFF8000 
HFFF7CF 



On-chip RAM" 



H'FFFFOO ' 
H FFFFOF . 
H'FFFFIO j 

H'FFFFIBL 
H'FFFFICI 



e-bit 
absolute 



Note: • External address sp«ea tf«Mhlp RAM it dioblBd. 



H8/3044 Memory Maps in Each Operating Mode (2) 



Modes Mode 6 ' Mode 7 

(Expanded 1-Mbyte Mode ' (Expanded 16-Mbyte Mode (Single-Chip Advanced 

with On-Chip ROM Enabled) with On-Chip ROM Enabled) Mode) 



Memory- 

'mdired 

branch 



i 1 

, Memory- 
irtdirect 
:branch 



4 » 



I OnvtiipROM I 



eeneKMs 



HBFFFF 
tftOOOO 



I 



I 



mFFFF ! 

H3FFFF i . . 

hr^OOOO 

H'5FFFF 

H'60000 External address 
H7FFFF . 
H'SOOOO i 

HBFFFF i . 

H'AXXnO ' 

HBFFFF • 
H'COOOO 

HUFFFFi 

KEOOOO : 



Area 2 
Areas 
Area 4 
AjsaS 
Am* 



H'FF70F 
H'FF7tO 



Orvdiip RAM*' 



HTFFOO f 
IfFFFOF L. 
HTFF10 I 



OfVGhip registsis 

HFFFFF ! .T_ 



On<tlipROM 



labsohfla : 
addisssaa. 



On-chip ROM 



1 1 

Memoiv- 
indirecl 
brarxh 
addresses 





Hxiiaooo 








H'lFFFFF 








H'2000OO 








HSFFFFF 




Ana 1 




H'400000 






AieeZ 




tfSFFFFF 








mooooo 








H7FFFFF 


External address 
space 


AraaS 




H'800000 




Ani4 




HWFFFF 






libMfcjIe^ 


miaxm 




Ames 



HTSOOO 
hTFFTIO I 



WFFFOF L 



OfKhipRAM 



KBFFFFFl. 
HCOOOOO' 



HFFF1C 

On^htp registefs 
H'FFFFF _ .1. 



I H'FFF70F 
H'FFF710 



H'FFFFOO I 
H FFFFOF L 
H'FFFFtO 

H'FFFFIBL 
H'FFFFICI 



External address 



^Mili^ legiilBfs 



e-bit 

absolute 



Notes: 1. Donotacewsthenseivedarea. 

2. E)tem#i8M«eB Spaoa if en-Ghip RAM is disabled. 



SZ Hitachi 



Section 6 Supporting Modules 

6.1 INisCliMMIer 
Funcflmis 

The on-chip bus controller divides the address space into eight areas and can assign different 
bus a»itT{S^i#fi@at}oms to lys enables different types of memory to be conn^ed 
easily. The bus controller also has a bus arbitration function that contr^il^ ^eraiw 1^ 
DMA @i!>iiCF!l31@F (DMAC) and refresli controller, and can release tiki teis to an external device. 

Features ^ 

• Iniqs^itetl settings for ^ipit address areas 

— 128-kbyte areas in 1 -Mbyte modes 

— 2-Mbyte areas in 16-Mbyte modes 

— Output of chip select signals (CS^ to CSy) 

— Selection of 8-bit or 16-bit access 

— Selection of two-stete m three-state access 

!«' Aw wait/fflicid^ 

— Selection of programmable wait mode, pin auto-wait mode, and pa «^ mod)^ mi 1 

— Automatic insertion of zero to three wait states 

I 

• Bus arbitration function 

— Ins li^t panted to the CPU. DMAC, refresh controller, or an external bus master by 
I Ae builtjn bus arbiter 
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Block Diagram 



CSo to CS7 

A 



I Internal address bus^ 



Area 
decoder 





ABWCR 


ASTCR 


WCER 


Bus control drcutt 



WMT- 



Intemat s^nals 

CPU bus request signal - 
DMAC bus request signal - 
Refresh controtleT bus request signal - 
CPU bus acknowledge signal " 
DMAC bus acknowledge signal ' 
Refresh controller hiii milnuwlniiliii lijjiiMl - 



Wait-state 
controller 



WCR 



BRCR 



Busarbtter 



> 



BACK 
BREQ 



Internal signals 
Bus mods control signal 
Bus size control signal 
Access state control signal 
Watt requ^ stgnal 



Legend 

ABWCR: 

ASTCR: 

WCER: 

WCR: 

BRCR: 



Bus width control register 

Access state control register 

Wait state controller enable register 

Wait control register 

Bus release control register 



Block Diagram of Bus Controller 



Area Subdivision 



The external address s^ce is #vided into areas to 7. Each area has a size of 128 kbytes in 
Aie UMbyte medes, or 2 Mbytes 'm ^ 16-Mbyte modes. Hie memory map is showQ^^^ 



















HXIOOOO 


" - -J 


H'OOOOOO 




KOOOOO 


Ofbchjp ROM 


H'OOOOOO 


OndttiROU 








M«a(2MbyMi 












H'IFPPF 




hftFFFF 


Area 0(120 kbytes'! 








H'20000 




H'lFFFFF 




rraoooo 




H'lFFFFF 


AM»ffi#Mbyie*) 






ATM 1 (128 kbytM) 


H'200000 






Ana 1(128 kbytes) 


H'200000 






H'3FFFF 






Aiaa 1 (2 MbytM) 


H'3FFFF 






Aiea 1 (2 kllbytes) 




H'40000 


Arsa 2 (Iffl kbytes) 


H'3FFFFF 


H'40000 


Area 2 (128 Uiytas) 


H'SFFFFF 




H-5FFFF 




H'400000 




WSFFFF 




^400000 






H'60000 


Ar«a 3 (128 kbylu] 




Area 2 (2 Mbytes} 


H-60000 


Aiaa 3 (128 kbytes) 




Area 2 (2 Mtiytes) 




H7FFFF 




H'SFFFFF 




H'7FFFF 




H'SFFFFF 






H'80000 




rreooooo 




K80000 




H'600000 








ArM4 028l^ytM) 




•raa3|2MbylH) 




Area 4 (128 Kbytes) 




Aiaa3(2M>ylaa| 




HWFFF 






K9FFFF 








H'AOOOO 




H7FFFFF 




H'AOOOO 




H7FFFFF 








ATM 5 028 UiylM) 


H'SOOOOO 






Area S (128 Hbytea) 


HWOOOO 






H'BFFFF 








H'BFFFF 






Area 4 (2 Mbytes) 




H'COOOO 


Afw6(1»kbyia«) 


HWFFFF 


fcrcoooo 


Araa 8 (128 kbytes) 


HWFFFF 




riOFFFF 




iffam 




WDPFFF 




KAOOOOO 






H'EOOOO 






AfasSSMtwM) 


H'eoaao 


An>7(128l<bytes) 




,Mlj^j^pi»leaj 








H'SFFFFF 






Ol«*lp RAM*''*' 


H'BFFFFF 












H'COOOOO 








Exiarml adtbaw Hw*^ 






Extamat addraas area*^ 






HTFFFFt 




HWTFFF 




OiKdAtagialeca*' 


HOFFHT 


Aiaa6|2Mbylea) 








KEOOOQO 








HEoooao 






■.l-M 


jyts modM witti oiKhip ROM 


«na7t2llbylM) 


c 1-Mbyts mode wWi on-chf» ROU 






diad 


ana (itwbm i hfhj 






enBDwa tmoae aj 














On-cnic RAW'^'"^ 








OrvchipnAM'''*' 


















External address area"^ 




1 




HFFFFFF 








M'Ff^FFFF 


On-chip registers*' 








yk modas wWi mmMtl 
ad(modM3and4) 




4.<iM«laliinhl«rapcili>feM 
anablad (mode 6) 


Notes: 1 . The on-chip RAM and on-chip registers have a fixed bus width and are accessed in a fixed 
number of states. 




2. When the RAME bit is cleared to in SYSCR, this area conforms to the ^lecifications of area 7. 

3. This 12-byte extern^ address area conforms io the speciTications of amttf. 



















Access Area Map for Modes 1 to 6 
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The bus specifications for each area can be selected in ABWCR. ASTCR, WCER, and WCR 
as shown in the following table. 

B^^i^l^lf {tins ■ ' 



ABWCR 


ASTCR 


WCER 


WCR 


Bus Specifications 


ABWn 


ASTn 


WCEn 


WMS1 


WMSO 


Bus 

Width 


Access 

States 


Wait IMode 














16 


2 


Wait disabled 


1 





— 




16 


3 


Pin wait mode 


1 








16 


3 


Programmable wait mode 


1 


16 


3 


Wait disabled • 


1 





16 


3 


Pin wait mode 1 


1 


16 


3 


Pin auto-wait mode 


1 











8 


2 


Wait disabled 


1 









8 


3 


Pin wait mode 


1 








8 


3 


Programmable wait mode 


1 


8 


3 


Wait dilsabled ; 


1 





8 


3 


Pin wait mode 1 1 


1 


8 


3 


Pin auto-wadt mode 



Note: n = to 7 



Chip Select SigoMs 

A chip select signal to CS^) can be output for each of areas to 7, 
Data Bus 

Each of areas to 7 cm be «fesigiiated as an 8-bit-access area or a 16-bit-access area. 
^Number of Access States 

BaisM 0at^ Oto 7 ciii be designated as a two-state-access area or a three-state-access area. 
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WattAfodes ^'v iP. 

Four wait modes can be selected for each area: pin wait mode or 1. pin auto- wait mode, or^ 
programmable wait mode. 

Pin Wait M «Mte 0: Urn wait mm iMMlef is disabled. Wait states ^C^mtmlf MMMi 
by WMTite control. 

Pin Wait Mode 1: In all accesses to external three-state-access areas, the designated number 



of wait states (T^^) are inserted. Additional wait states can be inserted by WAIT pin control. 



Pin Auto-unit Mode: If the pin is low. the designated numbfNif 1KW stssMff^ 



Programmable Wait Mode: The designated number of wait states (T^^r) are inserted in all 
accesses to external three-state-access areas. 

Bus Arbiter 

The bus controller has a built-in bus arbiter that arbitrates between different bus masters. There 
are four bus masters: the CPU, DMAC, refresh controller, and an external bus master. These 
bus masters use the bus to carry out read, write, and refresh operations. 

When bus ise^nest dgiials are reisriv^ from one or more bus masters, at fixed times &e bus 
atyfigr (ktemdnes priority and grants the use of the bus to one bus mai^E. Aj-y- 

Hie ^ pAmty order is: 

(High) External bus master > refresh controller > DMAC > CPU (Low) 
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«2 Rutff^ CmmiS^ 



The eontioiler em be used for one of three functions: DRAM re&esh control, pseudo- 

itei^ililiMlfiit^Sb ei«M, or as an interval tini«. ^ 

Features 

• Functions as a DRAM refresh controller 

itect connection of 16-bit-wide DRAM 
-^St^ee6miBStCA&mWfE mode 

— Selection of 8-bit or 9-bit column address multiplexing fmlMiMM^ a^kess input 

— CAS-before-RAS refresh control 

— Software-selectable refresh interval 

— Software-selectable self-refresh mode 
— 'Vllltt^aitescantiQaiseited 

I- ' ■■ ' ' - • 

• Functions as a pseudo-static RAM refresh controller 

— RFSH signal output for refresh control 

— Software-selectable refresh interval 

— Software-selectable self-refresh mode 

— Wait states can be inserted 

.. ■* ■ . .• 1u^_l, . 

• FuiA«ns as aa inteni#^ia- < .jmi.vi: . 

— Refresh timer counter (RTCNT) can be used as an 8-bit up-counter 

— Selection of seven counter clock sources: 0/2, 0/8, 0/32, 0/128, 0/512, 0/2048, 0/4096 

— Interrupts can be generated by compare match between RTCNT and the refresh time 
constant register (RTCOR) 



iMi.V, 11 
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DRAM Rdkvsh Control: The following diagrams show the interface! 
PMI and an interface circuit for 2WE DRAM. 



Read cycle 


Write cycle* 


Refresh cycle ' 





Address bus " ^RowX'c^'iWw S^Row^ Cofuinn XArBa $ft)p atMiessX 
HWR(U~CA^ 



■L_m- 



JTT- 



-m- 



RFSH 



^ . DRAM i^i^lA Signal OatpirtTU^(2CASIti«il^ 

An example of an interconnection to 2WE 4-Mbit DRAM is shown next. 



2WE 4-Mbit DRAM 
with X 16-bit organization, 
1 0-bit row addren X 8-bit 
column t 



H8/3048 
Series 



A,8 
Al7 

Ab 

A7 
Ae 
As 
A4 
A3 
Aj 
A, 



CS3 
RD 
HWR 
LWR 



D,5 to Do r 



A9 
A« 

A7 
A« 
As 
A4 
A3 
A2 
Ai 
Ao 



RAS 
CAS 
UW 
LW 

OE 



1/0,5 to l/Oo 



InterconofiQtfons for 2W£ 4-Mbit DRAM (Example in Expanded 16-Mbyte Mode) 
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H8/3048 
Series 



A9 
Aa 

A7 
Ae 
A5 
A4 
A3 

A2 

A, 



CS3 
HWR 
■ LWR 
RD 



D,s to Do 



2CAS 4-Mbit DRAM 
with X 16-bit organiZEdion, 
9-bit tow address x 9-bit 
column address 



A. 
A7 
As 
As 
A4 
A3 
A2 
A, 
Ao 



RAS 

UCAS 

LCAS 

LW 

OE 



) I/Oist0l/Oo 



Interconnections for 2CAS 4-Mbit DRAM (Example in Expanded 16-Mbyte Mode) 



i a: 



H8/3048 
Series 



Al9 

A(to A^ 



HWR 
LWR 
RO 



RFSH 
DtstoDo 



i^>o- 



2CAS 4-Mbit DRAM 
with X 16-bit organization, 
9-bit row address x 9-bit 
column address 



AgtoAo 




RAS 




UCAS 






N0.I 


LCA§ 




WE 




OE 




1/0,5 to l/Oo 





Ajto Ao 

ra5 



UCAS 
LCAS 
WE 



No. 2 



l/Dtstol/Oo 



Inl 



mMm Two 4-MMjt DRAM Cb%Ki P^mnpl« In 16-Mb|rte Mode) 



6.3 DMA Controller 



Functions 

The DMA controller (DMAC) can transfer data on up to four channels (channels OA, OB, lA, 
and IB). Each channel can execute memory-I/O transfers independently in short address 
mode. Pairs of channels can combine to execute memory-memory transfers in full address 
mode. 

Featui^ 1 

• Selection of short a^idress tnode or full address mode 

Short address mode 

— S-bit source address and 24-bit destination address, or vice versa ^ 

— Maximum l^<ihailii^ available 

I —^Uf^etnim (^pDtnode, Uta $mx^, or repeat mode 

Full address mode 

— 24-bit source and destination addresses 
— Maxhwm two channels available 

— Srieeioii ^ notoral tm&St' or block transfer mode 

• DinecSy addr^able 1 6-MI^ a^n^ ipips 

• Selection of byte or word transfer 

• A^v^«ffi by intenial iawi^^l^tli^mal requests, or auto-request (d^p^^og on tnm^dfer 
mode) 

— 16-bit integrated timer unit (ITU) compare match/input capture interrupts (four) 

— Serial communication interface (SQ) ttansmit-data-emplp/ii^veMisiUi-faU iffiie^^ 

— External requests 

— Auto-request 



Block Diagram 



<: 



Internal address bus 



interrupts 
IMIAO - 

IMIA1 - 

IMIA2 - 

IMIA3 — 

TXIO - 

RXIO - 



pins 
BHEQO - 



mteriupl signals 

DENDOA -r 
DENDOB » 
DENDIA » 
0EN01B 



Control logic 



Data buffer 



<: 



DTCROA 



DTCROB 



DTCR1A 



DTCR1B 




Address Duffer 



Aritfimetic-logic unif 



Internal data tMJs 



MAROA 






lOAROA 




ETCROA 


. MAROB 






lOAROB 




ETCROB 


MAR1A 






I0AR1A 




ETCR1A 


MAR1B 






I0AR1B 




ETCR1B 






> 



DTCR: Data transfer control register 

MAR: Memory address register 

lOAR: I/O address register 

ETCR: Execute transfer count register 



Block JDi^ram of DMA Coatroll^ 
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IVansfer Modes 



The DMAC provides a choice of short and full address modes. The short address mode 
includes I/O mode, idle mode, and repeat mode, and permits independent transfers on channels 
A and B. The full address mode includes normal mode and block transfer mode, in which 
channels A and B are combined. The functions of the transfer modes are summarized as 
follows. 

Address Reg. Length 



Transfer Mode ^ Activation Source Destination 



Short 

address 
mode 


1. I/O mode 

• Transfers one liyls or OHAweid per 

request 

• Increments or decreinatiis '§m memory 
address by 1 or 2 

• Executes 1 to 65,53i tMdett 

2. Idle mode 

• Transfers one byte or one word per 
request 

• Holds the memory address fixed 

• Executes 1 to 65^38tian«teRS 

3. Repeat mode 

• Transfers one byte Of ottft imii ^ 
request 

• increments or decrements ttte memory 
address by 1 or 2 

• &(ecutes a specified number (1 to 256) 
Of transfers, then returns toMiMal 
s^te and continues 


• Compare match/input 
capture A interrupts 
from ITU channels 
0to3 

• Transmit-data-empty 
interrupt from SCt 


24 


8 




• Receive-data-full 
interrupt from SCI 


8 


24 


i 


• External request 


24 


8 


address 
mode 


1. tioniKri niode 
• Auto-request 

— Retains the transfer request internally 

— Executes a specifiod number 


• Auto-request 

• External reciu^ 


24 


S4 



(1 to 65,536) of transfers continuously 
->- StfecUon of buret anode or cycle-steal 
made 

• External request 

— Trartsfers one b^or one w^cdjpii , 
request ^ "j ' ' " 
1* EitaaitSs 1 to iS^g tipi^i 

2. iloek transfer mode 

• Ttar^rs one bld^ef a specified 
sfese per request 

• Executes 1 to 65,536 transfers 

• Allows either the source ordHlililift. 
to be a fixed b\odk area 

• Steok^eanbelts'^lsiiM 
or words 



• Compare match/input 24 24 
capture A intemi^ 

from ITU chamMNl 
0to3 

• &demal requi^ „ , . 
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Operation in I/O Mode 



v Transf^ ]> 



L = initial setting of memor)' address register (MAR) DTID = 0: 

N = initial setting of executo transfer count register (ETCR) DTID = 1 

Address T = L DTSZ = 0: 

Address B = L + (-1 )DTid . (2Dtsz . n - 1 ) DTSZ = 1 



- lOAR 



T byte or word is transferred 
per request 



Increment 
Decrement 
Byte size 
Word size 



4' I 



Operation in Idle Mode 



MAR 



< Transfer > 



lOAR 



1 byte or word is transferred 
per request 



Operation in Re|!Mtli@dc 



Legend 




L = initial setting of MAR DTID = 0: Increment 

N = initial setting of ETCHH and EffiW. DTID =1: Decrement 

Address T = L DTSZ = 0; Byte size 

Address Sis!tL*HJ**''t2*®^-W-1) DTSZ = 1: Wordsize 



Operation in Normal Mode 



< Transfer ^ 



Legend 

La = initial setting of MARA 
Lb = Initial setting of MARB 
N = lnitiatS^(ii«itTeRA 
Ta = La 

Ba = La + SAIDE ■ . gPTSZ . N - 1 ) 

Tb = Lb 

Be = Le + DAIDE ■ (-1)Daid . (2DTSZ . n - i) 



— Address Ts 



Address Bb 



SA!DE/DAIDE = 0: Fixed 

SAIDE/DAIDE = 1 : Increment or decremejjt snablad 

SAID/DAID = 0: Increment 

SAID/DAID = 1 ; Decrement 

DTSZ = 0: Byte size 

DTSZ=1: Wordsize 
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Operation in Block ThiBsfer Mode 



Bkxd< 1 



— Block 2 — 



Block N 




Address Tb 



Tr ansfer 



M bytes or words are trarutferred 
per request 



Address Bb 



Legend 

La = initial setting of MARA 

Lb = initial setting of I^ARB 

M = initial setting of ETCRAH and ETCRAL 

N = initial setting of ETCRB 

Ta=La 

Ba = La + SAIDE • (-I)Said . (2DTSZ . m - 1) 
Tb = 1-b 

% = Lb + OAIDE - (-1 )DAID . (2DTSZ . M - 1 ) 



SAIDE/DAIDE = 0: Fixed 

SAIDE/DAIDE = 1 : Increment or decrement enabled 
SAID/DAID = 0: Increment 
SAiD/DAID = 1: Decrement 

DTS2 = 0: Byte size 

DTSZ = 1: Word size 



DMAC AdShnMim 



The DMAC can be activated by an internal interrupt, external request, or auto-request. The 
available activation sources differ depending on the transfer mode and channel as follows. 



Activation Source 


Short Address Mode 


Full Address Mode 


Channels 
OA and 1A 


Channels 
OB and 1B 


Normal 


Block 




IMIAO 


o 


X 






IMIA1 


o 


X 


O 


IMIA2 


o 


X 


o 


IMIA3 


o 


X 


o 


7X10 


o 


X 


9C 


RXIO 


o 


X 


X 


External requests 


Falling edge of DREQ 


X 


o 


o 


o 


Low input at DREQ 


X 


o 


o 


X 




X 


o 


X 



DMAC Bii$ C|^e r-, ,-, - , - .. i . 

The following diagram shows an exanqite of the timing of the basic DMAC bus cycle for a 
word^size transfer from a 16-bit two-state-access area to an 8-bit three-state-access area. 



CPU cycle 



DMAC cycle (word transfer) 



CPU cycle 



T, T2 T, T2 Id Ti T2 T, T2 T3 T, T2 Ta T, T2 T, Tj 

jTTinjuuiriiiJiiijmr^ 

: Source : ; 
: address ; Destination address 

~X X )( 



RD 



HWR 



]CZX 



DMA IVansfer Bus Timing (Example) 
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6.4 M-Mt Integrated Timer Unit (JTU) 



The H8/3048 Series has a built-in 16-bit integrated timer unit (ITU) with five 16-bit timer 
channels. The ITU can process up to 12 pulse outputs, or up to 10 pulse inputs. It can also 
provide complementary PWM output, measure pulse width, process input from a 
tvn^-^^ $n<X(&m, mi activate the programmable timing pattern controller (TPC) and DMA 
ccfflfiRfctBMAC). - . 

Features 

• Capability to process up to 12 pulse outputs or 10 pulse inputs 

• Ten general registers (GRs, two per channel) with independently-assignable ou^ut compare 
or input capture functions 

• Selection of eight counter clock sources for each channel: ' - 
Itii«|ial clocks: 0, 0/2, 0/4, 0/8 

Bi«gitel dodcs: Tmmk TCLKB. TCLKC. TCLRD 



• Five oper^ng modes selectable in all channels: 

— Waveform output by compare match 

S^ecdon of <ptput, 1 ouQiut, or toggle output (only or 1 ou^ut in channel 2) 

— Input capture function 

I iising edge, falling edge, or both edges (selectable) , 

— Counter clearing function 

Counters can be cleared by compare match or input capture 

— > Syoduoiiiiadoil ,<. 
Two or more timer counters (TCNTs) can be preset simultaneously, or cleared 
„ simultaneously by compare match or input capture. Counter syncbroiuigji^aug^ljp 
synchronous register input and output 



J. 



J' t. 
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- PWM output can be provided with m arbitnoy cycle. With synclyioniza^n, Hf^io 
five-phase PWM output is possible 



Phase counting mode selectable in channel 2 

f #atput can be counted automatically. 



fkw^ aMAiatf: mm3m& sri <ectable 'm channels 3 and 4 



• Reset-synchronized PWM mode 

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs 
of complementary waveforms. 



[mode 



If channels 3 and 4 are combined, three-phase PWM oia^ut is po^ble with three paiis 
©f ij»H3vedaf ping ecraplementary waveforms. 




CHH be double-buffered. Ou^ut compart <i 



i can be updated 



High-speed access via internal 16-bir bus 

The 16-bit timer counters, general registers, and buffer registers can be accessed at high 
speed via a 16-bit bus. 

Fifte^ intend swipes 

ciwiiBsi has ttvo cow!^© match/input capture intemipts and an overflow mterruft. 
^1 iinttfiigis @n be requested irtdepwip(%. 

Activation of DMA controller (DMAC) 

Four of the compare match/input capture interrupts from channels to 3 can start lh» 
©MAC. 

Oi^t (rtggering of programmable pattern controller (TPC) 

Compare raatGh/input captui® !si^aJ*JFam channels to 3 can be us»d as TPC ouq)ut 
triggers. 
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Block Diagram 



TOMtoTCaxD : 

0, 0/2, 
0/4,0/8 ' 

T0CXA4. T0CXB4 < 
TIOGAOtoTIOCM' 
TlOei^ito 110084 



Clock selector ' 



Control logic 



IMIAO to IMIA4 
'IMIB0tolMIB4 
OVIO to 0VI4 
(interrupt signals) 



7^ 

i i 



u u 




TOER 



TOCR 



TSTR 



TSNC 



TMDR 



TFCR 



Module data bus 



, Internal 
data bus 



Legend 

TOER: Timer output mastijr enable register (8 bits) 

TOCR: Timer output control register (8 bits) 

TSTR: Timer start register (8 bits) 

TSNC: Timer synchro register (8 bits) 

TMDR: Timer i;node r^jster (8 bits) 

JPGK Hmer <^ctioA Sontrof register (8 bits) 



ITU Block Diagram (Ov^all) 
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Block Diagram of Channels and 1 (One Channel) 



TCLKAtoTCLKD 

e, 0/2. 
a/4, 0/8 - 



Clock selector 



Comparator 



Coiitioi logic 



■TKXMQ 
•TIOJBO 

. IMIAO 
- IMIBO 
■ OVIO 



Module data bus 



Legend 

TCNT: Timer counter (16 bits) 

GRA/B: General registers A and B (input capitura/butput CSmpafS rec^is) (16 bits V 2) 

TCR: Timer control register (8 bits) 

TIOR: Timer I/O control register (8 t)its) 

TIER: Timer Interrupt enable register (8 bits) 

TSR: Timer status register (8 bitsi 



> 



Block Diagram of Channel 2 



TqtKAtoTCLKD 

.^ , 0/2, - 
(0/4, o/B' 



Ciodc selector 



Control logic 



Comparator 



T)VT) 



^\ A {\ A 



TI0CA2 
TIOCB2 
. IMIA2 
' IMIB2 
OV12 



5 



Module data bus 



Legend 

TCNT2: Timer owMer 2 (16 bits) 

GRA2/B2: Genecal legisteis A2 and ^'(input capture/output compane ragisteis} (16 liits* 2). 

TCR2: Timer control register 2 (8 bits) 

TIOR2; Timer I/O control register 2 (3 tiits) 

TIER2: Timer Intemjpt enable register 2 (8 bits) 

TSR2: Timer status register 2 (8 bits) 



Block Diagmliitf Channel 3 



TeLKAtoTCLKO: 
0/4)0/8 ' 



Clock selector 



Comparator 



Control logic 



2 



n 



aaxx 



■ TI0CA3 
• TI0CB3 
. IMIA3 
IMIBS 
OVI3 



Module data bus ^ 



Module data bus 

Legend 

TCNT3: Tuner counter 3(16 bits) 

GRA3/B3: General registers M and 133 (input capture/output compare registers) (16 bits x 2) 
BRA3/B3: Buffer registers A3 and B3 (input capture/outpMlGanipare bullsri)i8is|«a) (16bilsx2) 

TCR3: Timer control register 3 (8 bits) 
TIOR3: Timer I/O control register 3 (8 bits) 
TIER3: Timer interrupt enable register 3 (8 BHs) 
TSR3: Timer status register 3 (8 bits) 



Block Diagram of Channel 4 



TCLKA to TCLKD ~^ 

0, B/2 - 
0/4, a;8 " 



Clock selector 



Comparator 



Control logic 



-TOCX/V4 

■ TCX;XB4 

■ TI0CA4 
•TIOCB4 

■ IMIA4 
- IMIB4 

OVM 



Module data bus ) > 



TChfT4: Tmer counter 4 (16 bits) 

GRA4/B4: General registers A4 and 84 (input capture/output oompare regiateis) (16 bUs x 2) 

BRA4/B4: Buffer registers A4 and B4 (Intput capture/biilpiiteeRipant buffBTiagiiters) (18 bts x 2) 

TCR4r Timer control register 4 (8 bits) 

TI0H4: Timer I/O control register 4 (8 bits) 

TIER4: Taner interrupt enable register 4 (8 bits) 

TSR4: Tmer status register 4 (8 bits) 



Interrupt Soavees ani DMA Controller (DMAC) Activation 



The rrU has 15 interrupt sources, among which four of the compHM^H^M^mt C^||IMB. 
interrupts can activate the DMAC to perform data transfers. 



Channel 


Interrupt Souree 


Description 


DMAC Activatable 





IMIAq 


GRA compare match or input capture 


Yes 




IMIBo 


GRB compare match or input capture 


No 




OVIq 


Timer counter overflow 


No 


1 


WIlAi 


- GRA compare match or Input capture 


Yes «- 




IMIB^ 


GRB compare match or input capture 


No 




OVI, 


Timer counter 1 overflow 


No 


2 




GRA compare match or input capture 


Yes 




IMIBg 


GRB compeuB match or input capture 


No 




OVI2 


Timer counter 2 overflow 


No 


? 


IMIA3 


GRA compare match or input capture 


Yes 




IMIB3 


GRB compare match or input capture 


No 




OVI3 


Timer counter 3 overflow 


No 


4 


IMIA4 


GRA compare match or input capture 


No 


1 


IMIB4 


GRB compare match or input ^ture 


No 




OWU 


Timer counter 4 overflow 


No — 



I - . ^ 



I 



Pulse Output 

oi}tp^i'l#itpi1; or t0|^e output can be selected. 

Example of Two-Phase Pulse Output: The following example shows two-phase pulse output 
on channel 0. 



Ittner counter vatHe 



■nocAo 



Counter cteareci by SF® compare match 






Channel 


Channel 1 


Channel 2 


Channel 3 


Channel 4 


output or 1 output 





o 


o 





o 


Toggle output 


Q 


Q 




9. 


M 



Note: * Channel 2 provides only output or 1 output. 



I 
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PWM Mode 

GRA and ^li^l^lis faired to generate a PWM waveform with independMtly selectable 
period and cycle. Wttb s^m^mmmii&im «f to five-phase PliM fKHpit h possibie. 

Example of Single-Phase PWM Output: The following example shows single-phase PWM 
output on channel 0. .» 






Channel 


Channel 1 


Channel 2 


Channel 3 


Channel 4 


PWM output 


o 


o 


o 


o 


9 


Nunni>erof ptiases 


1 


1 


1 




1 



I 
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Complementary PWM Output Mode 

ChaiHi^: ^-mA 4 jli'icQmbiiied to output complementary, non-overlapping PWM 

Example of Operation in Complementary PWM Mode (Up/Down Counting): The 
following example shows output of complementary PWM waveforms on channels 3 and 4. 




Time 



Up-counting starts when TCNT4 undeitois 



ResctrSfn&amibBeA PWM Mode 



Channels 3 and 4 are combined to produce three pairs of complementaiy PWM wavefonns, all 
having one waveform transition point in common. 

Example of Op^ialbm in Reset-Synchronized PWM Mode (Up-Counting): The following 
example ^^vts fsset-syncfacofuzed PWM output on channels 3 and 4. 



niiweotmuir value 

it 



Cleared by GFIA3 compare match 




Time 



Pulse Meaairanent Functions 

The pulse period of an external pulse signal can be measured by connecting the signal to an 
input capture pin. Input capture on the rising edge, falling edge, or both edges can be selected. 
(Similarly, when an external clock is selected, the rising edge, falling edge, or both edges of 
the clock signal can be counted.) 

Example of Operation in Input Capture Mode: ITie following example shows pulse cycle 
measurement on dianad 1. 




Note: Both edges of the TI0CA1 input are selected, the falling edge of the TI0CB1 input is selected, and 
Vm OQu^er iS' d^rad by input capture B. 
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Event Counting 



External events can be counted by inputting event signals to pins TCLKA to 13CLK3|i} ^ ,,j 
Counting of the rising edge, falling edge, or both edges can be selected. 

Example of External Event Counting: The following example shows counting of external 
events on cHattnel I. 



'AmrGountervaba 



Timercounter 1 



TCLKA 



Timer countsrvahM 



Tims 



NoiK Thaliipimttosttates up-counting on both edges. 
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Two-Phase Encoder Processing 

This function is available only on channel 2. Output pulses from a two-phase encoder in a 
motor are input to pins TCLKA and TCLKB. The timer counter counts up or down according 
to the phase difference. Ihe following example illustrates two-phase encoder processing by 
channel 2. 



Hmer coulter value 
4 



Counting up 



Counting down 



mwB 

TCLKA 




> Time 



Counting Direction 


Up 


Dovm 


TCLKB 


_r 


Hgh 




Low 




Low 




High 


TCLKA 


Low 


_r 


High 




High 


_r 


Low 





6.5 Programmable Timing Pattern Controller (TPC) 

The programmable timing pattern controller (TPC) receives input signals from the 16-bit 
integrated timer unit (ITU), and can control up to 16 output signals simultaneously. 




• 16-bit output data 

Maximum 16-bit data can be output. TPC output can be enabled on a bit-by-bit basis. 

• F&m ou^p^ poops 

I €M|pBt lt|^pr ii%Wls cm i>e selected in 4*^1 groups to i»ovide up to four independent 
4Mt €ra%^. 



• Selectable output trigger signals 

Ouq)ut trigger signals can be selected for each group from the compare-match signals of 
fci« rrtJ i^anaels. - , 

• Non-overlap mode 

A non-overlap margin can be provided betwi^ pulse Q|^vMi«..A^ - - v. 

• Can be teamed with the DMA controller (DMAC) 

The con^aie^niatcii signi^ selected as output trigger signals can activate ttie DMAC for 
f^^m sequences widlout CPU intervention. 
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Block Diagram 



ITU compare match signals 





PADDR 


PBDDR 




NDERA 


NDERB 


< 


TPMR 


TPCR 







TP,s- 

TP,o- 
TP, ■ 

!£• " 

TP? • 
TP. ■ 
TPs ■ 

i: 
m 



Pulse output 
pins, group 3 



Pulse output 
pins, group 2 



Pulse output 
pins, group 1 



Pulse output 
pins.piMpP 





PBDR 










PADR 













- - - NDRB ■ - 










- - - NDRA - - 











Internal 
data bus 



Legend 

TPMR: TP6 output mode register 

TPCR: TPC output control register 

NDERB: Next data enetble register B 

NDERA: Next data enable register A 

PBDDR: Port B data direction register 

PADDR: Port A data direction i 

NDRB: Next data register B 

NDRA: Next data register A 

PBDR: Port B data register 

PApii: Poll A data register 



TPC Block magram 



Exam^e of Pdiar>Fbl^C(Mi4iteiiientary Non-Overlapping Outpcrt^-'v^' r -< < 

The following example shows fcur-phase complementary non-overlapping pulse output. 
Output goes to at compare match B and to 1 at compare match A. The non-overlap margin is 
set in register GRA of the ITU channel selected as the output trigger. The period from one 
pulse to die next isitetfe GRB. The p«l#$ai|>uts are obtained by writing ^e illustrated oa^t 
data^BiAiaiempts. ■ 




TP, 
TPg 
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6.6 Watchdog Timer (WDT) 
Functidii^' 

The watchdog timer (WDT) can be used for system supervision. The WDT has two selectable 
functions: it can operate as a watchdog timer to supervise system operation, or it can operate as 
an interval 6xaer. 

Features 

• Selection of eight counter clock sources 

0/2, 0/32, 0/64, 0/128. 0/256. 0/512, 0/2048. or 0/4096 

• liMvsd dm^joption 

• Timer counter overflov/ generates a reset signal or interrupt 

The reset signal is gene rated in watchdog timer operation. An interval timer interrupt is 
generated in interval timer operation. 

• Wseeiii^ tinier reset signal resets the entire chip internally, and can alio bpao^Mi' 
externally 

The reset signal generated by timer counter overflow during watchdog timer operation 
resets the entire chip internally. An external reset signal can be ouqpvU fronjite JRBSO pin to 
reset other system devices simultaneously. 
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■i-.i- 



Overflow 



Interrupt 

signal (Interval timer) 



Interrupt 
control 



RSTCSR 



Reset -i 

(internal, external) 



I Ra^iseBftol 



TCNT < 



T 



TCSR 



Clock 



Clock 
selector 



Read/ 
write K 
control 



Internal data bus 



Internal clock sources 
_ 0/2 



0/32 

0/64 

0/128 

0/2S6 

0/512 

0/2048 

0/4096 



Legend 

TCNT: Timer counter 

TCSR: Timer control/status register 

RSTGSR: Reset control/status register 



Watchdog Timer Block Diagram 
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The following example shews watchdog timer usage. The timer counter (TCNT) starts 
counting up, using the specified clock source. 



Timer counter value 



HFF 



mo 



Reset signal 



Start- 



H'OO written in 
timer counter 



WDT overflow 




Time 



,0VF=1 

Start K9t written in tinner counter 



Reset 
_ *1 



13" 



Notes: 1 . Internal reset signal generated by WDT overflow: 518 States. 
2. External reset signal output for 132 states. 



Interval Timer Operation 



The following example shows interval timer usage. The timer counter (TCNT) starts counting 

up, using the specified clock source, and generates an interval timer interrupt request at each 
TCNT overflow. This function can be used to generate interrupts at regular intervals. 



H'FF 



Tinwroountervalue 



mo 




start 



T«me 



T 

Interval 
timer 
intermpt 
request 



y 

Interval 
timer 
intenxipt 
request 



y 

Interval 
timer 
interrupt 
request 



Y 

Inten^al 
timer 
intenupt 
request 



86 Hitachi 



6.7 Serial Commiraiicati^ Interface (SCI) 
Functloos 

The H8/3048 Series has a serial communication interface (SCI) with two channels. The SCI is 
an on-chip supporting module that can perform serial communication with external devices in 
asynchronous or s)^tif&^as'lEiode. It also has a multiprocessor communication function for 
communicillisKiMlfig itvio or more processors, and one of the two SCI channels has a smait 
card interfH^'blBGjiDii Isr cwMMtfcation with an IC card. 

Features 

• S^nHkw of asynchn)iK>as mode or synchionous mode ~ 

• Fal dt^Iei mEonutf catiofi , 

• Double-buffered data registers for continuous transmit/receive 

• Built-in hm$ial^ g^iimtdr wl^ selection of arbitrary bit rate 

• Selection of ibuilt-in baud rate generator or external clock input (SCK pin) as clock source 

• Three types of receive errors detected: overrun errors, framing errors, and parity errors 

• DetectiM df line break sW& 

• Four indep^dendy requestable interrupt sources: transmit data empty, transmit end, receive 
data full, and receive ernn; of which transmit data empty and receive data fiill cm aci^ifie 
the DMA controller 

• Built-in multiproc^or communication function 

• Built-in SBisrt card interface function for communicadon with IC caids 



^jt.^lilUHitachi 



Btodkiili^raai 



Module data bus 



7^ 



RDR 

7^ 



TDR 



TxD 



RSR 



TSR 



u 





SSR 




SCR 




SMR 




SCMR 


Transmit/ 


receive control 



Parity generate 



Parity check 



7^ 



BRR 



Baudiate 
generator 



Clock 



External clock 



Internal data bus 



a 

^* IntemalcfcKk 
0/16 soufces 
0/64 



TEI 
Txl 
Rxl 

-^'•■SMi 



RSR: Receive shift register 

RDR: Receive data register 

TSR: Transmit shift register 

TDR: Transmit data register 

SIMR: Serial mode register 

SCR: Serial control register 

SSR: Serial status register 

BRR: Bit rate register 

SCMR: Smart caid mode nglBlBr (channel only) 



Serial Communication Interface Bloclc Diagram (One Cliannel) 
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Asynchronous mode is a serial communication mode in which each t^^uacter is £raQie4 by a 

start bit and a stop bit. .— - ■. 

1-1. 

• Twelve s^ecMie cmununication formats 

— DmMi^: 7 or 8 bits 

— Stop bit length: 1 or 2 bits 

— Parity bit: even, odd, or none 

— Multiprocessor bit: I or O 

• Selection of built-in baud rate generator or external clock input (SCK pin) as clock source 

• OutpcR:ii^setMeieGkatiCKpin J 

• Detection of brealLState h^jsading state of RxD pin when a framing error occurs 

• Multiprocessor communication 
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1 2 
I I 



Frame length (bits) 

5 6 7 
I I 



8 9 10 11 12 
I I j I I 



; Wt M 1 7-bit data 


Stop bit 










Start bit 


7-bit data 


2 stop bits 








Start bit 


7-bit data 


Parity 


Stop bit 








Stan bit 


7-bit aata 


Parity 


2 stop bits 






Start Bit 


7-oit oata 


IVIPB* 


Stop bit 








Start bit 


7-bit data 


MPS' 


2 stop bits 



Start bit 



8-bit data 



Stop bit 



B-bitdata 



2 stop bits 



a^data 



Parity 



Stop bit 



Start bit 


8-bit data 


Parity 


2 stop bits 




Start bit 


8-bit data 


MPS' 


Stop bit 




Start bit 


8-bit data 


MPB* 


2 stop bits 



Note: « Ml^: Multipreeessor bit. 



ComiiinlMon Formats and Frame Length in Asynchronous Mode 
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Two or more processors can share a single serial communication line by using a format with an 
additional multiprocessor bit. 

The transmitting {n>osessor sti^ % the E) of the receiving processes with wJi!^^ 

wants to ounMinci^ as data with the multiprocessor bit (MPB) set to 1. Next the traiiintfil^ 
pmsssmt sends transmit data wi^ ideared to 0. , 

A receiving processor skips incoming data until it receives data with the MPB set to 1 , at 
which point it compares the data with its own ID. If the ID matches, the receiving processor 
continues to mmve fwthet u^m^S^'itM. If the ID does not match, the r@c«^g ptipBSspr 
iMpt ftirttter f Qfoonuiig data until it apin receives data with the MPB set to 1. 



Trsuismitting 
processor 




Serial convrunication line 


















Receiving 
processor A 




Receiving 
processor B 




Receiving 
processor C 


Receiving 
processor D 



(ID = 01) (ID = 02) (ID = 03) (ID = 04) 



Seriat 
data 









H'01 






H'AA 














pM-1) 




(MPB 


= 0) 











I D-sending cycle: Data-sending cycle: datii sent 

receivl^'PKtieeesor to receiving processor——- 
address '^.,.eSlf!Pl¥l*|.^q..,fi^^ 



Legend 

MPi; AM||mE!es«>r bit 



Example of Communication among Processors using Multiprocessor Fonn^ 
(Sending Data H'AA to Receiving Processor A) 
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Sym^tstmmKs Mode 



In synchronous mode, the SCI transmits and receives data in synchronization with clock 
pulses. This mode is suitable for continuous, high-speed serial communication. 

• Ovetiiin errors detectable 

• Selection of built-in baud rate generator or external clock input (SCK pin) as clock source 

• E^Mi^riignE^: ^m. significant bit is transnutted or received &m :■>-•. 

■ ei 

• Can communicate with H8/500 Series, H8/300 Series, HD641 80, and other chips having a 
synchronous mode 

If the internal baud rate generator is selected, the SCK pin automatically switches to output 
mode and eight serial clock pulses are output. Communication is possible with other chips 
havuig a boilt-ia ^n^fonous serial interface, including the HD64180. HD630I, and H8 



Series. 


1 character 






Serial clock 




Data ^Bit 0^ Bit 1 ^ Bit 2^ Bit 3^Bit 4 ^ Bit 5^Bit 6^ Bit 7 




- 





Data Format In Syncbronous Mode (Exampte) 



Interrupt Sources and DMA Controller Activation 

The SCI has four interrupt sources: receive error (overrun error, framing error, or parity error), 
transmit end (MSB sent), transmit data empty, and receive data full. The transmit data empty 
and receive data full interrupts in channel can activate the DMA controller. Data can be 
transmitted or received continuously without software overhead by using the DMA controller 
to iWlile jQSXt tmtsmit ^aM^i^im die transmit data empty interrupt occurs, or read receive 
(te^t^ietite receive data M toncifit occurs. 



S£3 b^itH|«t Soorees 

lntwliipt.SaWe* Description DIVIAC Activatable Priailiy...v 

ERI Receive error interrupt No High 

Rxl Receive aata register full interrupt Yes 

Txl Transmit data register empty interrupt Yes 

TEI Transmit end interrupt No Low 



Example (if Rates ai^ Htt Settii^ (Synchronous Mode) 



0(lVIHz) 


2 


4 


8 


10 


16 


Bit Rate (blts^^^^^ 


n 


N 


n 


N 


n 


N 


n 


N 


n 


N 




3 


70 






1 


' 










250 


2 


124 


2 


249 


3 


124 






3 


249 


500 


1 


249 


2 


124 


2 


249 






3 


124 


1 1< 


1 


124 


1 


249 


2 


124 






2 


249 


2Sk 





199 


1 


99 


1 


199 


1 


249 


2 


99 


5k 





99 





199 


1 


99 


1 


124 


1 


199 


10k 





49 





99 





199 





249 


1 


99 


25 k 





19 





39 





79 





99 





159 


59 k 





9 





19 





39 





49 





79 


100 k 





4 


° 







19 





24 





39 


250 k 





1 





3 





7 





9 





15 


500 k 











1 





3 





4 





7 


1M 















1 









3 


2 M 






... 


■ - 


1 




1 














2.5 M 
























4M 

























n Clock 



t B/4 

2 0/16 

3 0/64 

Legend 

N: BRR setting for baud rate generator (0 < N < 255) 
0: System clock frequency (MHz) 
B: Bit rate (bits/s) 

n: Baud rate generator clock source (n = 0, 1,2, 3) 

(For the clock sources and values of n, see the accompanying table.) 

6.8 Smart Card Interface 

Of the two SQ diann^s, SCIO supports a smart card interface by providing functions for 
seiiiid (X!M|iigi<^on Mth an IC card conforming to the ISO/IEC7816-3 (Identification Catdf 

Features 

The main feaiuass of ^ smart-card interface are as follows. 

• Om^ itlBie consists of eight data bits and a parity bit. 

• In transmitting, a guard time of at least two elementary time units (2 etu) is provided 
between the end of the parity bit and the start of the next frame. 

M tiomvki^,M a parity error is detected, a low error signal is ou^ut for 1 etu, beginning 
10.S etu asft^fdie smt bit. 

• In transmitting, if an en or signal is received, after at least 2 etu, the mm&i^b^ is 
automatically transmitted again. 

V. - 

• Only asynchronous communication is supported. There is no clock synchoronous operation. 

• ' S^i@3on of direct or inverse convention. ' ~ 



The BRR setting is calculated as follows: 
Hr -^-ziiT-^ X 106-1 
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H8/3048 Series 



Card-processing device 



TxDo 



RxDo I 


Data line 


SCKq 


Px(port) 


Clock line 



Reset line 



far 







lO 




CLK 




RST 


IC card 



Smart Card Interface Connection Diagram 



Data Formtt 



.t Li.,' 



Os 


Da 


Db 


Dc 


Dd 


De 


Df 


Dg 


Dh 


Dp 























Ot#titft!om 



• Parity enror 



Ds 



Da 



Db 



Dc 



Dd 



De 



Df 



Dg 



Dh 



Dp 



DE 



6s: Start bit 

Da to Dh: Data bits 

Dp: Parity bit 

DE: Error signal 



Output 
from 

receiving 
device 



Smart Card Interface Data Format 
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6.9 MD Gmv&cbm 



f in I 



The H8/3048 Series includes a 10-bit AJD convener with a selection of up to eight software- 
selectable analog input channels. 

Feamm 

• 10-bit resolution 




Conversion time: minimum 7.5 per channel (with 18-MHz system clock) 

• Selection of two conversion modes: scan and single mode 
Single mode: A/D conversion of one channel 

Uiode: cdttiiniieus A/D conversion of one to four channels f^,, 

• Sample-and-hold fimi^m , , ^ ^ . 

• External reference voltage pin 

• A/D a@»version can be externally triggered 

• Four 16-litdala registers 

A/D conversion results are transferred for storage into data registers corresponding to fhe 
channels. 

• A/D interrupt requested at end of conversion 

At ile end of A^ eefi)li*sion, an A/D end interrupt request (ADI) can be sent to tte CTU. 



BltM&Diapmt 



<: 



A 



Module data bus 



Vref ■ 
AVcc- 



AVss 



AN7 
AN( 
AN5 
AN4 

AN3 
AN2 
ANi 




A 



Sampl»«n^ 
hold circuit 



CO 

o 

Q 

< 



I 



Internal 
data bus 



<: 



> 



Control circuit 



0/16 



ADI interrupt 
signal 



Legend 

ADCR: 

AOCSR: 

AOORA: 

ADDRB: 

AODflC: 



A/Ddalai«gii!lsrA 
A/DdatapagiSterB " ' 



AM: '^Gmmmlm Hock DiagroM 
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The A/D converter operates by successive approximations with 1 0-bit resolution. The eight 
analog input channels are selected by bits CH2 to CHO in ADCSR. 



Bit 2 


Bit1 


BitO 


Channel Selection 


CH2 


CHI 


CHO 


Single Mode 


Scan Mode 











ANo 


ANo 






1 


AN, 


ANo and AN, 




1 




ANq io ANj 






1 


AN3 


ANq to AN3 


1 1 








AN4 


AN4 






1 


ANg 


AN4 and AN5 




1 





ANfi 


AN4 to ANe 






1 


AN7 


Allots 



I 

Single Mode: In this mode A/D conversion is performed on one channel under CPU control. 
A/D conversion starts when the ADST bit is set to 1 in ADCSR. When conversion ends, the 
end flag (ADF) is set. If tlie interrupt enable bit (AD IE) is also set, an A/D conversion end 
interrupt (ADI) is requested at this time, and the interrupt-handling routine can process the 
A/D eMiveMcntesult. 

Scan Mode: Tim mo^ can be used to monitor analog inputs on one to four channels. A/D 

conversion starts on the first channel when the ADST bit is set to 1. As soon as conversion of 
the first channel ends, conversion of the second channel begins. (If only one channel is 
selected, conversion of the same channel begins again.) A/D conversion continues until the 
ADSI^blt is ctes^ed. Tbe conversion results are transferred to and stored in data registers 
ADDIt^ to ADDRD, using a separate data register fen- each channel. 

(Ihe ADST Mt can be set by software, or by an external trigger signal (ADTRG). 

•J 



%M CSfwm-ter 



The H8/3048 Series has a built-in 8-bit D/A converter that can be programmed to ou^ut 
analog signals on a maximum two channels. _ 



Features 



Two analog ou^ut pins 

Conversion time: maximum 10 ps 

Output voltage: V to Vj^gp 

D/A outputs maintained during software standby 



Legend 

DACR: D/A control register 

DADRO: D/A data register 

DADR1: D/A data register 1 



Module data bus 




Vref — * 
















a 




DAO 


8-blt D/A 


< 


DADRi 


DADR 


DA1 * — 















Internal 



> 
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Setting a D/A output enable bit to 1 enables the D/A converter. The data-register (DADR) 
contents are converted to a signal that is ou^ut constantly from the corresponding pin. The 
ou^ut voltage is: 

Oa^^;^ contents x Vref 
256 

6.11 I/O Ports 

WSfS04$ $eiies has eleven input/output ports (ports 1, 2, 3, 4, S, 6, 7, 8, 9, A, and B), die 
iiD^@ifiSi 0f loe in^Kcated in die following table. The pins in each port are multiplexed 
iS^it ise^ can also be us^ as input/output pins of the on-ctup stif^M^K^ ioeodulqs. 

Each port has a data direction register (DDR) for selecting input or output, and a data register 
(DR) for storing output data. In addition to their DDR and DR, ports 4 and 5 have an input 
pull-up control legistn' JPCR) for switching input pull-up transistcHS on and off. 
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Port 


DeseHpitaii 


Pins -s 


WMkI Mode 2 Mode 3 | Mode 4 


Mode 5 Mode 6 


Mode 7 


Port1 


• 8-blt I/O port 

* oan orive lcus 


PVtoPV 

A A 
nj Vj Aq 


Address oi#ut pins (A7 19 


Address output (A7 to 
An) and oaneric inout 
DDR = 0: generic 

input 
DDR = 1: address 

output 


Generic 

Input/ 

output 


Port 2 


• 8-blt I/O port 

• Input pull-up 
on-chip 

• Can drive LEDs 


P2-, to P2o/ 
Ai5 to hi 


Address ou^ut (Xns {Ats to Ag) 


Address output (A,5 
to Ag) and generic 
input 

DDF) - 0: generic 

Input 
DOR = 1: address 

output 


Generic 
Input/ 

OUtDUt 

1 


Porta 


• 8-bn I/O port 


P37 to P3o/ 
Dis to Ds 


Data input/output (Dis to Dg) 


Generic 

input/ 

output 


Port 4 


• 8-blt I/O port 

• Input pull-up 
on-chip 


P47 to P4o/ 
D7 to Do 


Data input/output (D7 to Do) and 8-bit generic inputtoU|Mt 
8-bit bus mode: generic input/output 
16-bit bus mode: data input/output 


Generic 
input/ 


Ports 


• 4-bit I/O port 

• Input pull-up 
on-chip 

■ ■ ' )TT" 


P53 to P5o/ 

A,9tO Ajg 

•• 


Address output (A^g to A,e) 


Address output (A^g 
to A,e) and generic 
input 

DOR = 0: generic 

input 
DDR = 1: address 

output 


Generic 
input/ 


Porte 


• 7-bit I/O port 


PBe/LWR 
P65/HWR 
P64/RD 
P63/AS 


Bus control signal output (LWR, HWR, RD, AS) 


Generic 

input/ 

output 


P62/BACK 
P6,BREQ 
P60/WST 


Bus control signal input/oiitput (§^3?, BREQ, WIT) m&Mlt 
generic input/output 


Port 7 


• 8-bit I/O port 


P77/AN7/DA, 
P76/AN6/DA|, 


Analog Input (AN7, ANg) to A/D converter, analog output (DA^, DAo) 
from D/A converter, and generic Input 


P75 to P7o/ 
AN5 to ANo 


Analog irput (ANg to ANo>to A/D converter, and generic input 


Ports 


• 5-bit I/O port 

• P82 to P8o have 
Schmiasiiipl& 


PB^CS^ 


DDR = 0: generic input 

DDR = 1 (reset value): CS^ output 


Generic 

input/ 

output 


P83/CS7/IRQ; 
P82/CS2/IRQ2 
P81/CS3/IRQ, 


IRQ3 to IRQ, input, CS] to CS3 output, and generic input 
DDR = (reset value): generic inpiJt 
DDR = 1 : CS^ to CSj output 


iRQ^to 

IRQo 
input and 
generic 
input/ 
output 


PSo/RFSH/l^ 


IRQo input, RFSH output, and generic input/ou^i# ' 


Porta 


•6-biM|0p^ 


Pg^»C,/lR^ 
P94^Ko/IRQ4 

Pgj/RxD, 
P92/RxDo 
P9,/TxDi 
P9(/TxDo 


Input and output (SCK„ SCKg, RxD^, FIxOo, TxD^, TxDq) for serial 
communication Interfaces and 1 (SCIQ/I), IRQ5 and ll^ Input, and 6-bit 
generic input/ou^ut 
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Port 


Description 


Pins 


Mode 1 


Mode 2 


Modes 


Mode 4 


Mode S 


Mode 6 


Mode? 


Port A 


• 8-bit I/O port 

• Sctimitt inputs 


PAj/TPt/TIOCBj/ 

A20 


Output (TP7) from 
programmable 
timing pattern 

input or output 
(TIOCB2) for 16-bit 
integrateid timer unit 
(ITU), and generic 
input/output 


Address output 
(Azo) 


TPC 

output 

(TP7), ITU 

input or 

output 

(TIOCB2), 

and 

generic 

input/ 

output 


Address 

output 

(A20) 


TPC 

output 

(TP7), ITU 

input or 

output 

(TIOCB2), 

and 

generic 

input/ 

output 


PAen-pg/TIOCAa/ 

a2,/cs; 

PA5/TP5/TIOCB,/ 
Azz/CSs 

pyrpynocA,/ 

Aza/eSg 


TPC output (TPe to 
TP4), ITU input and 
output (TIOCA2, 
TIOCB,, TIOCA,), 
CS4 to CS^ output, 
and generic input/ 
output 


TPC output (TPs to 
TP4), ITU input and 
output (TI0CA2, 
TIOCB,, TIOCA,), 
address output 
(A23toA2,),eg; 
to CSg output, and 
generic inpuf output 


TPC 

output 

(TPe to 

TP4), ITU 

input and 

output 

(TIOCA2, 

TIOCB,, 

TIOCA,), 

CS4 to 

CSe 

output, 

and 

generic 

input/ 

output 


TPC 

output 

(TPe to 

TP4). ITU 

input and 

output 

(TIOCAa, 

TIOCB,, 

TIOCA,). 

address 

output 

(A23 to 

A2,),CS; 

to CSe 

output. 

and 

generic 

input/ 

output 


TPC 

output 

(TPs to 

TP4), ITU 

input and 

output 

(TIOCAj. 

TIOCB,. 

TIOCA,), 

and 

generic 

input/ 

output 


PAj/TpyriocBi/ 

TCLKD 

PA/TP/riOCAo/ 
TCLKC 

PA,/TP|/TEND,/ 
TCLKB 

PAo/TPoH^NOo/ 
TCLKA 


TPC output {TP3 to TPo), output (TEND,, TENDq) from DMA controller (DMAC), 
ITU Input and output (TCLKD, TCLKC, TCLKB, TCLKA, TIOCBo, TIOCAo), and 
generic Inputfou^ 


Port B 


• 8-bit I/O port 

• Can drive LEDs 

• PB3 to PBo have 
Schmitt inputs 


PB7/TP15/DREQ,/ 
ADTRG 


TPC output (TP,5), DMAC input (DREQ,), external trigger ir^ (AOTRG) to NO 
converter, and generic input/output 


PBsnPiVDREQo/ 


TPC output (TP,4), DMAC input (DREOq), CS7 output, and generic 
Input/output 


TPC 
output 

(TP,4), 

DMAC 

input 

(DREQo), 

and 

generic 

input/ 

output 


PBs/TPia/TOCXB, 

ru^ 1 ",2/ 1 UOAA4 

PB3/TP„/TIOCB4 

PB2/TP,(/TIOCA4 

PB1/TP9/TIOCB3 

PBo/TPe/TIOCAa 


TPC output (TP,3 to TPs), ITU input and output (TOCXB4. TOCXA4, 
TIOCA4, TIOCB3, TIOCA3), and generic input/output 
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6.12 lUli 



The H8/3048 and H8/3047 have 4 kbytes of high-speed static RAM on-chip. The H8/3044 has 
2 kbytes. The RAM is connected to the CPU by a 16-bit data bus. TTie CPU accesses both byte 
data and vm0. ^^ 'iii Wfo stKes, making the RAM useful for rapid transfi^'^ v/md data and 



The on-chip RAM can be enabled or disabled by the RAM emSM |n£in the system control 
register (SYSCR). 



Block I^igram 



<: 



Internal data bus (upper 8 bits) 



Interned data bus (lower 8 bits) 

O 



Bus interface 



12 



H'FEFIO 


H'FEFII 


H'FEF12 


H'FEF13 



On-chip RAM 



H'FFFOE 



H'FFFOF 



Even addresses Odd addresses 



SYSCR: System control register 



> 



SYSCR 



RAM Block Diagram (H8/3048, Mode 7) 



RAM Size Addresses 



H8/3048 


4kbyt^ 


H'FEFIO to H'FFFOF 


H8/3047 


4 kbytes 


H'FEFIO to H'FFFOF 


H8/3044 


2 kbytes 


H'FF710 to H'FFFOF 



Note: The listed addresses apply in mode 7. 
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6.1i ROM (PROM or Masked ROM) 



The H8/3048 has 128 kbytes of on-chip PROM or masked ROM. The H8/3047 has 96 bytes of 
masked ROM. The H8/3044 has 32 kbytes of masked ROM. Like the on-chip RAM, the ROM 
is connected to the CPU by a 16-bit bus and accessed at high speed in two states. 

Block Diagram 



Internal data bus (i4>per 8 bits) 
Internal data bus (lower 8 bits) 



Bus interface 


C) 





H'OOOCX) 


H'00001 


H'00002 


H'00003 


On-chip ROM 


H'IFFFE 


H'IFFFF 



Even addresses Odd addresses 







ROM Block Diagram (H8/3048, Mode 7) 






ROM Size 


Addresses 


Reserved Addresses 


PROM Version 


HB/3048 


128 kbytes 


H'OOOOO to H'IFFFF 




Yes 


H8/304ir 


96libytes 


H-00000toH'17FFF 


H-IBOOO to H'IFFFF 






32li>ytes 


H'OOOOO to H'07FFF 


H'OSOOOtoH'OFFFF 
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mummmmm 



PROM PgagiaiiB M riB^ 

When the PROM version of the H8/3048 is placed in PROM mode, it suspends its MCU 
functions and allows data to be written directly into the on-chip PROM. The PROM can be 
programmed and read in the same way as the HN27C101 EPROM (Vpp = 12.5 V), except that 
page programming is not supported. A lOO-pin/32-pin socket adapter enables the 
programming to be done with a commercially available PROM programmer. 



■ U' 'ri 




PROM programmer 



Socket adapter 
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Section? Power-Down State 



Besides its normal program execution state, the H8/3048 Series has a power-down state that 
reduces power consumption by baking the CPU and clock oscillator. Tbe power-down state 
includes three modes: sletip mode, software standby mode, and hardware standby mode. 
Additional functions include module standby, which reduces power consumption in sleep 
mode, and a gear function that reduces power consumption by dividing the system clock 
frequency. 



The CPU enters sleep mode when the SLEEP instruction is executed. In sleep mode CPU 
operations halt, but the contents of CPU registers are retained. Supporting modules other than 
the €3^' dei mt hak. 



Sleep mode can be exited by a reset or by any interrupt The chip returns via die exception- 
handling^ gaie lo the noimal program execution state. 

7.2 Software Standby Mode 

Software standby mode is entered by setting the software standby bit (SSBY) to 1. then 
executing the SLEEP instruction. In this mode all functions of the CPU, on-chip supporting 
modules, and clock oscillator halt, but CPU register contents and on-chip RAM data are 
retained. I/O ports also remain in their existing states. 



Software staa#>y ngode can be exited by an external interrupt After waiting for clock 
oscillation to stabilize, Ibe diip returns via the exce|>tion-hffiidlit^ state to tiie normal program 
execia^M ^itte. 



This mode reduces power consumption very sharply because the clock oscillator halts. 
73 Hardware Standby Mode 

Hardware standby mode is entered when the STBY pin is driven low. As in software standby 
mode, all operations halt but CPU register contents and on-chip RAM data are retained. 



Hardware standby mode is exited by driving the RES pin low, then driving STBY high. The 
chip starts operating from the reset state. 
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Like software standby mode, this mo(te reduces power consum^ion vegi^ilipily 
clodi osdUati^ hdts. 



7.4 Module Standby Function 

The modidi staocBQ' flmction can halt ou^ut of die system clock. It can also place the 16-bit 
integrated timer unit (ITU), serial communication interface (SCIO, SCIl), DMA controller, 
refresh controller, and AID converter in an independent standby state. This function enables 
power consumption to be reduced in sleep mode. The modules to be placed in standby are 
specified by corresponding register bits. 



Mode 


Clock 


CPU 


Rofresh 

Controller 


Support- 
ing 

Functions 


RAM 


I/O 

Ports 


Exiting Metliod 


Sleep mode 


Active 


Halted 
(held) 


Active 


Active 


Held 


Held 


Interrupt: Interrupt is 

recognized and 
interrupt exception 
han^ino starts 

RES: Enters reset state. 

STBY: Transition to 

hardware standby 
mode. 


Software 

standby 

mode 


Halted 


Halted 
(held) 


Halted 
(held) 


Halted 
(reset) 


Held 


Held 


Interrupt: Interrupt starts 
clock oscillator. 
After waiting for 
time set in on-chip 
timer to let clock 
stabilize, interrupt 
exception handling 
starts automatically. 

Clodc oscillator 
starte and chip 
enters reset state. 

STBY: Transition to 

hardware standt>y 
mode. 


Hardware 

standby 

mode 


Halted 


Halted 

(not 

held) 


Halted 
(reset) 


Halted 
(reset) 


Held 


High 

impedance 


To exit, drive RES low, then 
drive STBY high, wait for 
clock to stabilize, and drive 
RES high. 


Module 
standby 
function 


Not 
output 




Standby if 
corresponding bit is 
set to 1 in MSTCR 






Clear corresponding bit to 
in MSTCR 



Note: Status of registers is indicated in parentheses. The nx>dule standby function is available only for the refresh 
eantRillir^ SMAC, ITU, SCK), SCh , and A/D converter. 
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7 Jii(@ear Fimction 



After duty ad)iMaent, the clock frequency can be divided in the range from 1/1 to 1/8. Power 
consumption is reduced in approximately direct proportion to the division ration which is 

spedSed in the division control register (DIVCR). 

-:• •'' • .■! ■ 

I I' . ' 

■> .< .. 
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StetiM 8 System Development Enviromnent 

; tools aieproi^^ilw^^dentptograindeveloiHneiit ■-■■**'■ 
Software 



(if 



■ H8/300 Series cross-assembler 

• Mileage ettlor {indading Wcwah and object module converter) 

• iSbSOO Saies simulator/debugger 

• H8/300H Series realtime operating systems 
Hardware 

• H&^OOH Series realtime emula^ I^POi) 

• H8/300H Series compact evaluation board 



1)1 - iJi 



I; 
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$.1 SiHvrare 



Efficimt working environment: the tools cooperate, from editor to debugger 

• Assemble/compile errors automatically activate the editor (with the cursor positicmed on the 
%m of 0tl emr in the source program). 

• AiinottatJon ctf assemble/compile, object-module link, and loading to debugger 



Simplified, standardized user interface for debugger 

•! MttK^wiadow support for C-language source-level debug 

• Easy msm- md button-driven interface 

• Same interface for simulator, emulator, and compact evaluation boaid 

• Multitasking debugger for Hitachi Real Time Operating System 

Om-liiiei M\p tan^ons 

• Window display of detailed descriptions of the functions of each tool 

• Window display of error messages 



Integrated Manager 



Source file 



Load module 



Design i 



Code 




Generate , 


Test and 


and revise 




load module jMB 


debug 

A 



ZD 



Integrated manager 




















B 
















[ 














































CcompHer 




Assembler 








StnuMor 




Emulator 




EMkafnlnri 



Note: * Complies with Hitachi Real Time Operating System specification. This product is based on the Hitachi Real Time 
QpMsailing %fBtem specification and was devekiped under the guidance of Or. Ken Safcamura of the Dep aa nwi ft at 
trMMUkM Science, Faculty of Science, The University of Tokyo. 



Integrated Devdopment Environmeiit 
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— Supports all H8/300, H8/300L, and H8/300H Series microcontrollers 

— Conforms to ANSI (American National Standards Institute) C language draft s, . t ; 

specifications 

— Optimizing features reduce object program size and execution time 



— ^mmtls output in SYSROF object format 

• Linkage editor (including librarian and object module converter) 

— Linkage editor: links and relocates object programs output (in SYSROF format) by the 
' Ms&0^ m C compilei; and geneiates load modules (in SYSROF format) ' 

I 'EibciNciittt: ^staes user '|iQ||Mii iQ".8Mliiries 

— Object module converter: converts load module files ou^ut by ft^ IMage e^^ler 
SYSROF format to S-^e timm 

• H8/300-Series simulator/debugger 

— Endl^ iie us^ to debug programs on a host computer, without a target syst^ 
— Sk^fN^C-lai^BagesoiBe&lswIditegiu^ ' ■ 

— Re^jAcsr-based tneak^ace 

— Stub and function-call features, enabling programs to be debugged from the initial 
development stages 

— Permits simulation with relocatable object code 

• H8/30(IH*ii»riis reilltoe operating system (m8-3II) 

— Confomis to die WtacM Real Hme Operating System specification 



• AssemblN' - j 

— QHittiicM B-Sti$BS a^eoably-Ianguage ^ecifications 




microcontrollers 



— High-speed operating system: task-startiiig system call executes in 35 |is 

— Supports stack sharing between tasks 
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8^ Ha]*#iiiHi^e 



11 



1. 



EOHiMor 



Emulator board 



E7000-Series emulator 



The emidator is designed to give the user 
complete information atxnit microcontroller 
behavior, when connected to the user system 
in place of the tacgti microcorrtrolJer 



Emulator's user cable 



H8/300H 



V' H8/300H 




MicroeeittiolIlK w^HOT urider developini^l 



• Hardware biealqraintiDg (4 brealqmints) 

— Settable breakpoint conditions 

Address (with bit-mask, range, and net specifications), data bus (with bit mask and net 
specification), RD and WR signals, external interrupts (NMI, IRQq to IRQ5), pass count 
(maximum 4095), delay count (maximum 32,000 cycles) 

— Sequential breakpointing 

BcQgiian executlm baits two to four bieaJ^oin^ i^ssed in a specified order 

• PC breakpointing (specifiable separately for each Mbyte in 2-Mbyte address space) 

— Settable breakpoint conditions: program counter, pass count 
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• Realtime lEIise . 

tttfaaisaitfcni traced: address bus, data bus, external probe signals, control signals 

— Trace information capture 

Free trace: all information generated during execution is captured 
RiO^ife^ic^^oa: i^seified trace aq>ture conditicms 
Stop terns: trace stops when a condition is satisiSed 

llotoHifiietracs: tradngof oiei^llicmof apartolps , .. >i»j..^{ 

— Trace information search: information in the trace buffer can be searched according to 
specified conditions 

— Tr^SiK^P^^^^^ s l^ger signal can be cp^t when trigger conditions smi ilMl*^ 

• CO coverage function (specifiable separately for each Mbyte 
Indicates ^e percent of the area covered in a program run 

• Performance analysis 
Measures program execution efficiency 

• Parallel mode 

, (^munai^ can be entered during a pic^geam run without halting execute 
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E7000 graphical interface software 



Bmrnss-lm^ debug 

Displays position (PC) where execution stopped in source program 

Displays contents of selected variables in source program 
Breakpoint setting on selected line in source program 
Supports source-program line-mode (step-mode) execution 

— ' IMtee #splay of ttace iirfocmation 

Displays trace information using source program 

lAevefonn disfday of address bus. data bus, interrupt ^gnals, external piobe signals, etc. 

— Multiple windows 

Connected display of base frame and subframes (example: if register subframe is 
dl^li^ed aiid ptoigcam is executed in step mode, register contents display is updated) 
opeiMita ^^%msxaM subftiuoie 



H8/30aH E7000 Graphical User Interface 



( HLEV ) { mmBmKM v't (tw^T) ( view ( new 


-1 


FHMnWKC Toiiine: 1 


EndbwiS 


1 MaHneA-BZS 




1 lnta(A_S^ 




1 mainO 

i ( 




i Int 1: 
PC> 1 for (i=0; i<A_SZ;r') 




1 aD)=0: 




BP j vmrn 




\ 1 

I nMpraeW 




mtall; 




1* 




( nsiWNir } ( sidtjsveR) (siipj (continue )( set ) 


( CLEAR ) ( STOP ) 


pc-oooow imaie 





Menu buttons 
Source file information 



Souroe display PC: Source line 
indicated 
by current 
PC value 
BP: Source line 
onwtilch 
breakpoint 
Is set 



Command buttons 
Emtila8on Information 



Emulator dialogue box: input on 

command line 
and display 
of command 



Base Fnmie of Gnqihiail Int^-fiice (Start-Up li^dow) 



H8/300H Smies Campaet Evaluation Board 



Mikes all ii8/300H Series tecteti available to the us^ 



• Supports realtime emulation (Max. 18 MHz) 

• Ei%C^,aHipI^ for emulating iMi^^^ ROM 

• On-chip ROM can also be emulated in emulation RAM 

.-.1 K . . ..^ 

• Firmware mapped independently of user address space 

— The entire address space is avail^le to the user 

■ Built-in terminal iiiteffii^lilS-232C interface) 

— Si^iWiilidj i a teansfer wi^ tot ccai^ter 

• Allows battery backup of emulation memory (by external battery) 

— Special 100-pin connectoi- 

— Can connect via special adapter board to E7000 emulator's user cable 



I 



o 

JL 



< Firmware 
g EPROM 



\ 

Braakswiteli Hes«switch 

Evaluation chip 
/ . 



3 



(100-pjn in-clrcuitconnfictor) 



(Unit: mm) 



U.- 



.'1.. i-i.tr\ 



HS/SOOH Seri^ Compact Evaluation Board 
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